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Designed  for  use  in  basic  electronics  programs,  this 
curriculum  guide  is  comprised  of  twenty-nine  units  of  instruction  in 
five  major  content  areas:  Orientation,  Basic  Principles  of 
Electricity/Electronics,  Fundamentals  of  Direct  Current,  Fundamentals 
of  Alternating  Current,  and  Applying  for  a  Job.  Each  instructional 
unit  includes  some  or  all  of  the  basic  components  of  a  unit  of 
instruction:   performance  objectives,   suggested  activities  for 
teachers  and  students,  information  sheets,  assignment  sheets,  visual 
aids,  tests,  and  answers  to  the  test.  It  is  noted  that  each  unit  is 
planned  for  mere  than  one  lesson  or  class  period  of  instruction. 
Among  the  units  included  in  section  3,  Fundamentals  of  Direct 
Current,  are  the  following:   Circuit  Fudamentals,  Resistence,  voltage 
and  Measurement,  Conductors  and  Insulators,  Series  Circuits,  and 
Magnetism.  In  the  fourth  section  unit  topics  include  The  Nature  of 
Alternating  Current,  Inductance,  Capacitance,  and  Capacitive 
Reactance.  (IRA) 
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'USE  OF  THIS  f- 


Instructional  Units 


The  Basic  Electronics  I  curriculum  includes  2;,  units.  Each  instructional  unit  includes 
some  or  all  of  the  basic  components  of  a  unit  o<  instruction:  performance  objectives, 
suggested  activities  for  teachers  and  students,  infr  ition  sheets,  assignment  sheets,  visual 
aids,  tests,  and  answers  to  the  test.  Units  are  pi,  ^rd  for  more  than  one  lesson  or  class 
period  of  instruction.   .  , 

Careful  study  of  each  instructional  unit  by  the  teacher  will  help  determine: 

A.  The  amount  of  material  that  can  be  covered  in  each  class  period 

B.  The  skills  which  must  be  demonstrated 

1 .  Supplies  needed 

2.  Equipment  needed 

3.  Amount  of  practice  needed 

4.  Amount  of  class  time  needed  for  demonstrations 

C.  Supplementary  materials  such  as  pamphlets  or  filmstrips  that  must  be  ordered 

D.  Resource  people  who  must  be  contacted 

Objectives 

Each  unit  of  instruction  is  based  on  performance  objectives.  These  objectives  state  the 
goals  of  the  course,  thus  providing  a  sense  of  direction  and  accomplishment  for  the  student. 

Performance  objectives  are  stated  in  two  forms:  unit  objectives,  stating  the  subject 
matter  to  be  covered  in  a  unit  of  instruction;  and  specific  objectives,  stating  the  student  per- 
formance necessary  to  reach  the  unit  objective. 

Since  the  objectives  or  the  unit  provide  direction  for  the  teaching-learning  process,  it 
is  important  for  the  teacher  and  students  to  have  a  common  understanding  of  the  intent  of 
the  objectives.  A  limited  number  of  performance  terms  have  been  used  in  the  objectives  for 
this  curriculum  to  assist  in  promoting  the  effectiveness  of  the  communication  among  all 
individuals  using  the  materials. 

FoUpwing  is  a  list  of  performance  terms  and  their  synonyms  which  may  have  been  used 
in  this  material: 

Name  Identify  Describe 

Label  Select  Define 

List  in  writing  Mark  Discuss  in  writing 

List  orally  Point  c^ui  Discuss  oraily 

Letter  PicK;  out  Interpret 

Record  Chcose  Tell  how 

Repeat  Loirate  Tell  what 

Give  Explain 


Order 
Arrange 


Distinguish 
Discriminate 


Construct 

Draw 

Make 

Build 

Design 

Formulate 

Reproduce 

Transcribe 

Reduce 

Increase 

Figure 


Sequence 
List  in  order 


Classify 

Divide 

Isolate 


.Dernonstrate 

SRow  your'work 

Show  procedure 

perform  an  experiment 

Perfqrm  the  steps 

Operate 

Rernov/e 

Replace 

Turn  off/on 

(Dis)  assemble 

(Dis)  connect 


Observe 
Compare 
Determine 
Perform 


Additional  Terms  Used 


Evaluate 

Complete 

Analyze 

Calculate 

Estimate 

Plan 


Lead 
State 
Write 


Make 
Read 
Tell 
Teach 


Converse 


Prepare 


Reading  of  the  objectives  by  the  student  should  be  followed  by  a  class  discussion  to 
answer  any  questions  concerning  performance  requirements  for  each  instructional  unit. 

Teachers  should  feel  free  to  add  objectives  which  will  fit  the  material  to  the  needs  of 
the  students  and  community.  When  teachers  add  objectives,  they  should  remember  to 
supply  the  needed  information,  assignmnet  and/or  job  sheets,  and  criterion  tests. 

Suggested  Activities 

Each  unit  of  instruction  has  a  suggested  activities  sheet  outlining  steps  to  follow  in 
accomplishing  specific  objectives.  The  activities  are  listed  according  to  whether  they  are  the 
responsibility  of  the  instructor  or  the  student. 

jnstructor:  Duties  of  the  instructor  will  vary  according  to  the  particular  unit;  however, 
for  be;st  use  of  the  material  they  should  include  the  following:  provide  students  with 
objective  sheet,  information  sheet,  assignment  sheets,  and  job  sheets;  preview  film- 
strips,  make  transparencies,  and  arrange  for  resource  materials  and  people;  discuss  unit 
and  specific  objectives  and  information  sheet;  give  test.  Teachers  are  encouraged  to  use 
any  additional  instructional  activities  and  teaching  methods  to  aid  students  in  accom- 
plishing the  objectives. 

J^nfornnation  Sheets 

Information  sheets  provide  content  essential  for  meeting  the  cognitive  (knowledge)  ob- 
jectives in  the  unit.  The  teacher  will  find  that  the  information  sheets  serve  as  an  excellent 
guide  for  presenting  the  background  knowledge  necessary  to  develop  the  skill  specified  in 
the  unit  objective. 

Students  should  read  the  information  sheets  before  the  information  is  discussed  in 
class.  Students  may  take  additional  notes  on  the  information  sheets. 
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FOREWORD 


The  Mid-America  Vocational  Curriculum  Consortium  (MAVCC)  was  organized  tor  the 
purpose  of  developing  instructional  material  for  the  twelve  member  states.  Priorities  for 
developing  MAVCC  material  are  determined  annually  based  on  the  needs  as  identified 
by  all  member  states.  One  priority  identified  was  basic  electronics.  This  publication  is  a 
part  of  a  project  designed  to  provide  the  needed  instructional  material  for  basic  electronics 
programs.  o 

The  success  of  this  publication  is  due,  in  large  part,  to  the  capabilities  of  the  personnel 
who  worked  with  its  development.  The  technical  writers  have  numerous  years  of  industry 
as  well  as  teaching  experience.  Assisting  them  in  their  efforts  were  representatives  of  each 
of  the  member  states  who  brought  with  them  technical  expertise  and  the  experience  related 
to  the  classroom  and  to  the  trade.  To  assure  that  the  materials  would  parallel  the  industry 
environment  and  be  accepted  as  a  transportable  basic  teaching  tool,  organizations  and 
industry  representatives  were  involved  in  the  developmental  phases  of  the  manual. 
Appreciation  is  extended  to  them  for  their  valuable  contributions  to  the  manual. 

This  publication  is  designed  to  assist  teachers  in  improving  instruction.  As  these 
publications  are  used,  it  is  hoped  that  the  student  performance  will  improve  and  that 
students  will  be  better  able  to  assume  a  rolt  in  their  chosen  occupation,  basic  electronics. 

Instructional  rrij^terials  in  this  publication  are  written  in  terms  of  student  performance 
using  measurable  ol^ctives.  This  is  an  innovative  approach  to  teaching  that  accents  and 
augments  the  teaching/learning  process.  Criterion  referenced  evaluation  instruments  are 
provided  for  uniform  measurement  of  student  progress.  In  addition  to  evaluating  recall 
information,  teachers  are  encouraged  to  evaluate  the  other  areas  inv.luding  process  ar<d 
product  as  indicated  at  the  end  of  each  instructional  unit. 

It  Is  the  sincere  belief  of  the  MAVCC  personnel  and  all  those  members  who  served 
on  the  committees  that  this  publication  will  allow  the  students  to  become  better  prepared 
and  more  effective  members  of  the  woric.force. 


David  Merrill, 
Chairman 

Board  of  Directors  . 
Mid-America  Vocational 

Curriculum  Consortium 
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PREFACE 


For  many  years  those  responsible  for  teaching  basic  electronics  have  felt  a  need  for 
instructional  materials  to  use  in  this  area.  A  team  of  teachers,  industry  representatives,  and 
trade  and  industrial  education  staff  members  accepted  this  challenge  and  have  produced 
manuals  which  will  meet  the  need*?  of  many  types  of  courses  where  students  are  expected  to 
become  proficient  in  the  area  of  electronics.  The  MAVCCflas/c  Electronics  I  publication  is 
designed  to  include  the  basic  information  needed  to  be  able  to  attain  that  proficiency. 

As  with  all  efforts  of  this  nature,  feedback  from  the  instructors  selected  to  use  these 
curriculum  materials  will  greatly  assist  MAVCC  in  evaluating  its  effort  and  contribute  signi- 
ficantly to  plans  for  future  material  developftient. 

Every  effort  has  been  made  to  make  this  pi-!  lication  basic;  readable  and  by  all  means 
usable.  Thrcs  vital  parts  of  instruction  have  been  intentionally  omitted  from  this  publi- 
cation: motivation,  personalization,  and  localization.  These  areas  are  left  to  the  individual 
ins.tructors  and  the  instructors  should  capitalize  on  them.  Only  then  will  this  publication 
really  become  a  vital  part  of  the  teaching-learning  process. 


AnnBenson 
Executive  Director 
Mid-America  Vocational 
Curriculum  Consortium,  Inc. 


for  the  MAVCC  Board  of  Directors: 


David  Merrill,  Chairman,  South  Dakota 

Merle  Rudebusch,  Vice-Chairman,  Nebraska 

Peggy  Patrick,  Arkansas 

Darrell  Anderson,  Colorado 

Alyce'Vyilliamson,  Kansas 

Amon  Herd,  Missouri 

David  Poston,  Louisiana 

Bob  Patton,  Oklahoma 

Pat  Lindlev.  Texas 

Larry  Barnhardt,  North  Dakota 

Alan  Morgan,  New  Mexico 
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Transparency  Masters 


Transparency  masteT^rovide  information  in  a  special  way.  The  students  may  see  as 
well  as  hear  the  material  being  presented,  thus  reinforcing  the  learning  process.  Transparen- 
cies may  present  new  information  or  they  may  reinforce  information  presented  in  tlie  in- 
formation sheets.  They  are  particularly  effective  when  identification  is  necessary. 

Transparencies  should  be  made  and  placed  in  the  notebook  where  they  will  be  imme- 
diately available  for  use.  Transparencies  direct  the  class's  attention  to  the  topic  of'  discus- 
sion. (NOTE:  Stand  away  from  the  overhead  projector  when  discussing  transparency  ma- 
terial. The  noise  of  the  projector  may  cause  the  teacher  to  spe5k  too  loudly.) 

Assignment  Sheets  ■  i  '  ■ 

Assigyiment  sheets  give  direction  to  study  and  furnish  practice  for  paper  and  pencil 
activities  to  develop  the  knowledges  which  are  necessary  prerequisites  to  skill  development. 
These  may  be  given  to  the  student  for  completion  jn  class  or  used  for  homework  assign- 
ments. Answer  sheets  are  provided  which  may  be  used  by  the  student  and/or  teacher  for 
checking  student  progress. 

Job  Sheets 

'  Job  sheets  are  an  important  segment  of  each  unit.  The  instructor  should  be  able  to 
and  in  most  situations  should  demonstrate  the  skills  outlined  in  the  job  sheets.  Procedures 
outlined  in  the  job  sheets  give  direction  to  the  skill  being  taught  and  allow  both  stucjent  and 
.teacher  to  check  student  progress  toward  the  accomplishment  of  the  skill.  Job  sheets  pro-' 
vide  a  readv  outline  for  students  to  follow  if  they  have  missed  a  demonstration.  Job  sheets 
also  furnish  potential  employers  with  a  picture  of  the  skiU^Jjeing  taught  and  the  perform- 
ances which  might  reasonably  be  expected  from  a  person  who  has  had  this  Vaining. 

Test  and  Evaluation    .  ► 

Paper-pencil  and  performance  tests  have  been  constructed  to  measure  student  achieve- 
ment of  each  objective  listed  in  the  unit  of  instruction.  Individual  test  items  may  be  pulled 
out  and  used  as  a  short  test  to  determine  student  achiisvement  of  a  particular  objective.  This 
kind  of  testing  may  be  used  as  3  daily  quiz  and  will  help  the  teacher  spot  difficulties  being 
encountered  by  students  in  their  efforts  to^accomplish 'the  unit  objective.  Test  items  for  ob- 
jectives added  by  the  teacher  should  be  constructed  and  added  to  the  t'est. 

Test  Answers  ,  ^ 

Test  an3wers  are  provided  for  each  unit.  These  may  be  used  by  the  teacher  and/or 
student  for  checking  student  achievement  of  the  objectives. 
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10.  Use  an  electronic  calculator 

1 1 .  Solve  combined  multiplication  and 
division  problems 

12.  Convert  numbers  between  binary  and 
decimal  systems 

13.  Express  numbers  in  scientific  and 
engineering  notation 

14.  Obtain  trigonometry  function  values 

15.  Determine  logarithms  of  numbers 

UNIT  IV:  RESISTANCE 


1.  Terms 

2.  Fixed  resistors 

3.  Adjustable  resistors 
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Job  Training:  What  the 
Worker  Should  3e  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 

4.  Composition  of  fixed 
resistors 

5.  Structure  of  adjustable 
resistors  

6.  Resistancechart  — 

7.  Resistor  symbols 

8.  Resistor  values 

9.  Color  code-four  band 

10.  Color  code-five  band 

1 1 .  Color  resistor  chart 

12.  Value 

13.  Ohmmeter 

14.  Resistance  values 


15.   Measure  circuit  resistance  with 
an  ohmmeter 


UNITV:  VOLTAQEANL  MEASUREMENT 


1. 

Terms 

2. 

Sources 

3. 

Symbols  and  abbreviations 

4. 

Voltmeter 

5. 

Using  a  voltmeter 

6. 

Kirchhoff's  law  of  voltage 

7. 

Current  flow 

8. 

Polarity 

9. 

Voltage  drops 

10. 

Voltmeter  scales 

1 1    Measure  and  compare  the  voltage  of 
three  different  batteries 

12.   Measure  the  voltage  drops  in  a  DC 
circuit 


J  5 


XIX 


Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 


UNIT  VI:  CURRENT  AND  MEASUREMENT 

1.  Terms 


7.  Measure  ana  compare  current  at  two 
points  of  a  circuit 

8.  Measure  and  compare  current  in  a 
circuit  at  two  different  voltage 
levels 


UNiTVII:  POWER 


8.  Compute  current  using  the  power 
formula 

9.  Determine  the  power  used  in  a 
resistive  circuit 

10.   Determine  the  function  of  fuses 
and  resistor  power  ratings 


2, 
3. 

4. 
5. 
6. 


Prefixes 

Symbols  and  Abbre- 
viations 

Measuring  current 
Milliamps  and  microamps 
Ammeter  indications 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


Terms 

Abbreviations 
Formula 

Power  measurement 
Resistor  wattage  rating 
Safety 
Proportions 


UNIT  Vlll:  CONDUCTORS  AND  INSULATORS 

1.  Terms 


2.     Conductors,  semiconduc- 
tors, and  insulators 


Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 


fnnnniti\/p^ 

\Vi^V^^I  II  Live/ 

3. 

Electrical  conductors 

4. 

Electrical  insulators 

5. 

Applications 

6. 

Wire  conductors 

7. 

Wire  sizes  and  gauge 

numbers 

o 
o. 

rroper  lies 

Q 

\A/iro  roci  c+Q  n/^Q 
Wire  icoloLdllLc 

10 
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Wile  IIIOUICILIVJII 

11. 

Wirp  Hiflmptpr^  rrnQQ- 

fWM^  VJICIIIICLdOf  ^IVJoo 

sectional  areas,  and 

rpcictflnrP 

1  COIOLCII  IV^C 

LAW 

1. 

Terms 

2. 

Letter  designations 

3. 

Ohm's  Law 

4. 

Circular  expression 

5. 

Uses 

6.  Solving  for  unknown  voltage 

7.  Solving  for  unknown  current 

8.  Solving   for   unknown  resis- 
tance 


9.     Use  Ohm's  law  with  circuit 
measurements 


UNITX:  SERIES  CIRCUITS 

1.  Terms 

2.  Abbreviations 

3.  Rules 


4.     Direct/partial  short 
circuits 
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Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 

5.  Total  voltage 

6.  Voltage  drops 

7.  Total  resistance 
8r  Current 

9.  Unknown  circuit  value 

10.  Unknown  values 

1 1 .  Power 


12.  Measure  voltage  drops  in  a 
series  circuit 

13.  Analyze  current  values  ih  a 
series  circuit 

1 4.  Analyze  resistance  and  power 
in  a  series  circuit 


UNIT  XI:  PARALLELCIRCUITS 

1 .  Terms 

2.  Rules  governing  voltage 

3.  Rules  governing  current 

4.  Formula 

5.  Circuit  analysis 

6.  Opens  and  shorts 


7.  Measure  voltage,  current,  and 
.    resistance  in  a  parallel  circuit 

8.  Measure  power  in  a  parallel 
circuit 


UNIT  XII:  SERIES'PARALLEL  CIRCUITS 

1.  Terms 

2.  Symbols 
3 
4 


Kirchhoff's  current  law 
Simplifying 
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XXII 


Job  Training;  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


7.  Measure  and  calculate  quantities 
in  series-parallel  circuits 

8.  Construct  a  voltage  divider  and 
analyze  its  function 


UNIT  XIII:  MAGNETISM 


9.  Show  the  existence  of  magnetic 
lines  of  force  around  a  magnet 

10.  Demonstrate  that  magnetic  poles 
can  attract  and  repel 

1 1 .  Construct  a  simple  electro- 
magnet and  check  its  operation 


UNIT  XIV:  MOTORS 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 


5. 
6. 


1. 

2. 

4. 
5. 


Function  of  ground 

Functions  of  voltage 
divider 


Terms 
Magnets 

Producing  artificial 
magnets 

Types 

Lines  of  force,  fields, 
flux,  and  flux  density 


6.  Left-hand  rules 

7.  Induction 

8.  Application  of  induction 


1.  Terms 

2.  Direction 

3.  Motor  action 

4.  Motor  torque 

5.  Increasing  motor  torque 

6.  Motor  efficiency 
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Job  yaining:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 

7.  Formula 

8.  DC  motor  parts 

9.  Direction  of   fields,  cur- 
rents, and  motor  action 

10.  Motor  power  and 
efficiency 

1 1 .  Torque  and  flow 

12.  Produce  motor  action  from  a  current- 
carrying  conductor  in  a  magnetic 
field 

13.  Calculate. jiorsepower  of  a  small 
motor 

SECTION  D-FUNDAMENTALS  OF  ALTERNATING  CURRENT 
UNIT  I:  THE  NATURE  OF  ALTERNATING  CURRENT 

1.  Terms 

2-  Sine  wave  relationships 

3.  *  Conversion  chart 

4.  Abbreviations 

5.  Formulas 

6.  Sine  functions 

7.  Frequencies 

8.  Frecjiiency,  period,  and 
wavelength 

9.  Sine  wave  relationships 

10.  Sine  wave  conversions 

11.  Instantaneous   sine  vol- 
tage values 

12.  Period  and  wavelength 


13.   Construct  a  sine  wave  cycle 


^0 


i 


Job  Training:  What  the  Related  Information:  What 

Worker  Should  Be  Able  to  Do      '  the  Worker  Should  Know 

(Psychomotor)  (Cognitive) 

UMT  II:  AC  GENERATION 


1. 

Terms 

2. 

Electromagnetic  indue- 

t  Ion 

o . 

vjencrdiing  vOliSgB 

4. 

Left  hand  rule 

5. 

Marinitude 

6. 

Elementary  cycle  gener- 

ation 

7. 

Generator  construction 

8. 

Rules 

9. 

Voltage  phasors 

10. 

Phase  angle  diagrams 

11. 

Three-phase  power 

12. 

Current  *low  direction 

13. 

AC  cycle  instantaneous 

values 

14.  Construct  a  simple  generator 

15.  Identify  generator  components 

UNIT  III:  INDUCTANCE 

1 .  Terms 

2.  Abbreviations 

3.  Factors 

4.  Lenz's  law 

5.  Formula  for  a  henrv 

6.  Factors  affecting  induc- 
tance 

7.  Kinds 

8.  Formulas 

9.  Determining  mutual 
inductance 


EKLC 


3l 


>b  Training:  What  the  Related  Information:  What 

orker  Should  Be  Able  to  Do  -  the  Worker  Should  Know 

(Psychomotor)  (Cognitive) 

10.  Formulas 

1 1 .  Transformer  ratios 

2.  Determine  transformer  ratios 

UNIT  IV:  INDUCTIVE  REACTANCE  ^ 

1.  Terms 

2.  Symbols 

3.  Factors 

4.  Formula 

5.  Current  and  voltage 
relationships 

6.  Applied  voltage  and  im- 
  -  pedancfr     -  . 

7.  Formulas  for  determining 
.  true  power 

8.  Formulas  for  determining 
apparent  power 

9.  Formulas  for  determining 
reactive  power 

10.  Formulas  for  determining 
power  factor 

11.  Formula  for  determining 
quality  factor 

12.  Inductive  time  constants 

13.  Labels  on  chart 

14.  Compute  inductive  reac- 
tance 

15.  Compute  applied  voltage 
and  impedance 

16.  Compute  power 

17.  Compute  the  Q 

18.  Time  constant  problems 
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Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What  , 
the  Worker  Shcild  Know. 
(Cognitive) 


19.  Show  the  effect  of  inductance  in 
AC  circuits 

20.  Solve  for  values  of  an  operating 
RL  circuit 

UNITV:  CAPACITANCE 


1. 

Terms 

^ . 

oyiiiuwib    diiu  duurC'Vid' 

tions 

o. 

runciions 

Capacitor,  construction 

5. 

DC    charging    and  dis- 

charging 

D. 

Formula  for  capacitanpe 

7. 

Formula  for  total 

capacitance  in  parallel 

8. 

Formula  for  total  capac- 

itance when  unequal 

9. 

Formula  for  total  capac- 

itance of  equal  value 

10. 

Formula  for  total  capac- 

itance of  equal  value 

11. 

Tvpes 

12. 

Rules  in  color  coding 

13. 

Capacitance  values 

14.  Test  capacitors  with  an 
ohmmeter 

15.  Examine  the  construction 
of -a  capacitor 

16.  Determine  the  effect  of  AC 
and  DC  on  capacitors 


Db  Training:  What  the 
Worker  Should  Be  Able  to' Do 
(Psychomotor) 


Related  Information*  What 
the  Worker  Should  Know 
(Cognitive) 


UNIT  VI;  RC  TIME  CONSTANTS 

1. 


Terms 

2.  Charging  an  RC  circuit 

3.  Waveshapes  during  charge 

4.  Discharging  an  RC  circuit 

5.  Waveshapes   during  dis- 
charge 

6.  Computing  time  constant 

7.  Horizontal   and  vertical 
axes 

8.  Exponential  formulas  for 
voltage 

9.  Exponential  formula  for 
charge  current 

10.  Exponential  formula  for 
voltage  during  discharge 

1 1 .  Characteristics 

12.  Computations 


3.  Determine  time  constants  of 
RC  circuits 

4.  Construct  a  neon  bulb  flasher 

UNIT  VII:  CAPACITIVE  REACTANCE 

1.  Terms 

2.  Symbols 
3 


Formula  for  capacitive 
reactance 


4.  Inverse  proportion 

5.  Current  and  voltage 

6.  Applied  voltage,  imped- 
ance, and  power  factor 

7.  True,  apparent,  reactive 
power  and  power  factor 


EKLC 


XXVIII 


24 


Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 

8.  Figure  of  merit 

9.  Capacitive  reactance 

10.  Phase  relationships 

11.  Values 


12.  Show  the  effect  of  capacitive 
reactance  in'AC  circuits 

13.  Determine  capacitive  reactance 
and  impedance  in  RC  circuits 


UNITVIII:  SERIES  RCLCIRCUITS 

1,  Terms 


2.  Reactance 

3.  tmpedance 

4.  Computing  impedance 

5.  Voltages 

6.  Computing  applied  volt 
age 

7.  Conditions 

8.  Resonant  frequency 

9.  Resonant  frequency  vari 
ation 

10.  The  Q  of  series  circul 

1 1 .  Bandwidth 

12.  Reactance 

13.  Impedance 

14.  Parameters 


15.    Determine  resonance  in  a  series 
RCL  circuit 
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d?-'' J''^',>"^"9-,  .^H?^^  Related  Informatior:  What 

WorkerShould  Be  AbletoDo  the  Worker  Should  Know 

(Psychomotor)  (Cognitive)  ' 

UNIT  IX:  PARALLEL  RCLCIRCUITS 

1.  Terms 

2.  -Voltage  and  currents 
.3.  Formula  for  total  current 

4.  Formula  for  impedance 

V  5.  Resonance 

6.  Formula  for  resonant 
-  frequency 

7.  Tuned  cir.:u its 

8.  The  Q  of  parallel  circuit 

9.  Bandwidth 
1J3.  Characteristics 

11.  Problems-RL   and  RCL 
circuits 

I 

12.  Problems-RCL  circuits 

13.  Analysis  of  circuit 

14.  Determine  the  resonant  frequency  • 
of  an  RCL  parallel  circuit 

SECTION  E-APPLYING  FOR  A  JOB 

UNIT  I:  APPLYING  FOR  A  JOB 

1.  Terms 

2.  Sources 

3.  Methods 

4.  Application  forms 

5.  Expectations' 

6.  Attributes  and  attitudes 

7.  Conduct 

8.  Resume 

9.  Letter  of  application 


XXX 
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Job  Training:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


Related  Information:  What 
the  Worker  Should  Know 
(Cognitive) 


10.  Complete  application 
form 

1 1 .  Follow-up  letter 


'  J 
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BE 


EXPECTATIONS 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  uViit,  the  student  should  be  able  to  state  reasons  why  t'le  electron- 
ics field  is  a  good  field  for  employment  in  today's  world  and  name  places  of  electronics 
technician  employment  opportunities  in  industry.  The  student  should  also  be  able  to 
arrange  in  order  the  steps  involved  in  electronics  repair.  This  knowledge  will  be  evidenced  by 
scoring  85  percent  on  the  unit  test. 


1.   Match  terms  associated  with  expectations  of  the  electronics  field  to  their  defini- 


2.  State  four  reasons  why  the  electronics  field  is  a  good  field  for  employment. 

3.  Select  true  statements  about  the  technical-industrial  team. 

4.  Name  places  of  employment  opportunities  for  electronics  technicians. 

5.  Select  true  statements  about  the  contents  of  this  course. 

6.  List  teacher  arKl  student  responsibilities  in  the  electronics  program. 

7.  Arrange  in  order  the  steps  involved  in  electronics  repair. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 


tions  or  descriptions. 


BE  -  3-A 


EXPECTATIONS 

UNITI 

- 

SUGGESTED  ACTIVITfES 

1. 

Provide  student  with  objective  sheet. 

II. 

Provide  student  with  information  sheet. 

III. 

Make  transparencies. 

IV. 

Discuss  unit  and  specific  objectives. 

V. 

*  Discuss  information  sheet. 

VI. 

Take  students  on  tour  of  local  electronics  firm  to  observe  technicians  at  work. 

Ask  a  technician  or  former  student  to  give  brief  talk  on  technician  opportunities 

and  duties. 

VII.      Give  test. 


INSTRUCTIONAL  MATERIALS 

1 

I.  Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  -The  Technical-Industrial  Team 

2.  TM  2--The  Spectrum  of  Technical  Education 

D.  Test 

E.  Answers  to  test 

II.  Reference- flarf/o  Amateur's  Handbook.   Newington,  CT;  American  Radio  Relay 
League. 
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EXPECTATIONS 
UNIT  I 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Electricity-An  invisible  force  that  can  produce  heat,  light,  or  motion  by  the 
movement  of  small  particles  of  matter  called  electrons 

» 

(NOTE:  Lightning  is  an  example  of  electricity  that  is  controlled  by  nature, 
not  people.  An  example  of  human-cofitrolled  use  of  electricity  is  the  electric 
stove.) 

B.  Electronics--The  controlled  use  of  electricity  in  vacuums,  gases,  liquids,  or 
vapors,  and  in  certain  semiconductor  materials 

(NOTE:  Electronics  applications  include  the  radio,  hi-fi  systems,  television, 
computers,  and  digital  control.) 

C.  Automation-A  system  by  which  machinery  or  electronic  devices  operate 
and  regulate  themselves  with  little  or  no  control  by  people 

D.  Scientist--A  person  who  studies  the  lav\/s  of  nature  in  order  to  learn  how  to 
control  them  for  society's  betterment 

E.  Engineer-A  person  who  designs  useful  products  on  the  basis  of  scientific 
knowledge 

(NOTE:  Airplane  engineers  design  aircraft  which  function  according  to 
the  laws  of  gravity  established  by  Isaac  Newton.) 

F.  Technician-A  person  who  assists  the  scientist  and  engineer  in  their  work  and 
helps  design,  build,  install,  and  maintain  the  products 

G.  Craftsworker-A  person  who  is  skilled  in  performing  some  part  of  the  build- 
ing or  fabrication  of  a  product 


(NOTE:  .The  technician  s  training  involves  some  scientific  theory,  and 
the  technician  may  possess  many  skills  applicable  to  the  design,  fabrication, 
and  maintenance  of  a  product.  A  craftsworker's  training  involves  little,  if 
any,  scientific  theory,  and  the  craftsworker's  skill  is  usually  limited  to  a 
single  specialty,  such  as  carpentry,  metal  working,  welding,  and  soldering.) 

H.  Federal  Communications  Commission  (FCC)-A  United  States  government 
agency  which  regulates  all  electronics  communication  within  this  country 

Examples:       Radio,  television,  CB's,  telephone,  telegraph 

I.  Troubleshooting-A  systematic  method  of  locating  the  cause  of  a  prob- 
lem or  malfunction  in  electrical  or  electronic  equipment 


INFORMATION  SHEET 

Reasons  why  the  electronics  field  is  a  good  field  for  employment 

A.  New  types  of  electronic  equipment  are  constantly  being  developed  for 
industry 

^  Examples:       Business  machines,  computers,  television,  lasers,  automated 
machines 

B.  Consumers  are  buying  more  electronic  devices  and  appliances  for  use  at 
home 

Examples:  All-electric  homes,  home  fire  and  burglar  alarm  systems, 
microwave  cooking  systems,  automatic  washing  machines  and 
dryers,  stereo  sound  systems,  automatic  cameras,  and  home 
entertainment  devices 

C.  Present  technicians  are  continuously  retiring 

D.  There  are  opportunities  for  self-employment 

Examples:    Repair  and  mainten   ice  shops,  replacement  parts  sales 
The  technical-industrial  team  (Transparencies  1  and  2) 

A.  Scientists  and  engineers 

.   ^1.   Work  is  about  90%  theoretical,  10%  skill 

2.  Typical  activities-Research,  development,  planning,  design,  invention, 
/  and  publication  of  results 

3.  Education  required-Four  or  more  years  of  college 

B.  Engineering  technician 

1 .  Work  is  about  60%  theoretical,  40%  skill  / 

2.  Typical  activities 

a.  Assist  in  design  and  system  planning 

b.  Operate,  modify,  troubleshoot,  and  repair  equipment 

c.  Record  and  report  results 

3.  Education   required--Two  to  four  years  post-secondary  school  or 
junior/senior  college 

C.  Industrial  technicians 

1.  Work  is  about  40%  theoretical,  60%  skill 
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INFORMATION  SHEET 

2.  Typical  activities 

a.  Machine  operation 

b.  Preventive  maintenance 

c.  Troubleshooting  and  rc  pair  of  equipment 

3.  Education  required-Two  years  post-secondary  school  or  junior  college 
D.    Service  technicians  and  craftsworkers 

1.  Work  is  about  10%  theoretical,  90%  skill 

2.  Typical  activities 

a.  Equipment  servicing  and  limited  repair 

b.  Hand  and  machine  tool  operation 

3.  Education  required-High  school  or  vocational  school;  some  post- 
secondary  schooling 

IV.       Places  of  employment  opportunities  for  electronics  technicians 

A.  Independent  repair  shops 

1.  Consumer  electronics  repair  shop 

2.  Radio  and  television  equipment  repair  shop 

(NOTE;  Repair  of  communication  equipment  and  systems  requires 
licensing  by  the  Federal  Communications  Commission.) 

3.  Automotive  and  aircraft  electronic  equipment  repair  shop 

B.  Large  private  repair  and  servicing  firms 

1 .  Service  organizations 

2.  Technical  representatives 

3.  Manufacturers 

4.  Merchandisers 

C.  Government  agencies 

1.   Military  services 

(NOTE:  This  includes  the  Army,  Navy,  Air  Force,  Marines,  National 
Guard,  and  Coast  Guard.) 
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INFORMATION  SHEET 


2.  Government  laboratories 

3.  Government  Bureau  of  Standards 

4.  State  and  local  government  service  departments 
D.     National  communications  industries 

1.  Radio  and  television  networks 

2.  Telephone  and  telegraph  companies 

3.  Satellite  communications 

4.  Microwave  and  laser  communication  industries 

5.  Computer  industries 
Contents  of  this  course 

A.  Basic  studies 

(NOTE:  This  occurs  early  in  the  course.) 

1.  Safety 

2.  The  laws  which  govern  electricity 

Examples:   Ohm's  law,  Kirchhoff's  law,  Watt's  law 

3.  The  sources  of  electricity  and  magnetism 

4.  How  electricity  behaves  under  certain  conditions 

5.  How  electricity  is  used  in  our  daily  lives 

B.  Advanced  studies 

(NOTE:  The  following  are  studied  later  in  the  course.) 

1 .  The  fundamentals  of  electronic  circuitry 

2.  The  nature  and  use  of  electronic  components 

Examples:  Resistors,  capacitors,  inductors,  and  active  devices 

3.  The  function  of  components  in  electronic  systems,  such  as,  radio, 
television,  radar,  and  sonar 

4.  How  to  test,  troubleshoot,  and  repair  electronic  components  and 


systems 
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INFORMATION  GHEET 


C.     Laboratory  work 

(NOTE:  Laboratory  vvork  will  occur  throughout  tr^e  course.) 

1.  How  to  use  test  and  measuring  equipment 

2.  How  to  build  electronic  circuits 

3.  How  to  draw  schematic?:,  block  diagrams,  and  wiring  diagrams  of 
electronic  circuits 

4.  How  to  tc;st,  troubleihoot,  and  repair  circuits 

VI.       Teacher  and  student  responsibilities  in  the  electronics  program 

A.  Teacher  responsibilities 

1 .  Supervises  the  classroom 

2.  Provides  for  student's  needs 

3.  Makes  sure  safety  is  practiced  in  the  lab 

4.  Requires  students  to  follow  directions  ^ 

B.  '   Student  responsibilities 


1 .  Follow  safety  rules  and  lab  regulations  without  exception 

2.  Attend  class  regularly  and  on  time 

3.  Refrain  from  causing  distractions 

4.  Follow  directions  exactly 

5.  Ask  for  help  when  needed 

6.  Never  perform  an  operation  which  is  not  understood 

7.  Complete  assigned  work  without  being  reminded 

8.  Have  pride  and  enthusiasm  in  work 


VII.       Steps  involved  in  electronics  repair 
A.    Analysis  of  symptoms 

1.  Operate  or  attempt  to  operate  the  equipment 

2.  Observe  what  appears  to  be  wrong 

3.  Diagnose  the  cause  of  the  problem 


(NOTE:  This  diagnosis  should  be  based  on  knowledge  of  how  the 
equipment  functions.) 
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B.  Troubleshooting 

1.  Obtain  specifications  or  fact  sheets  for  the  equipment 

(NOTE:  Every  manufacturer  of  electronic  equipment  provides  speci- 
fications which  state  what  output  should  be  measured  at  various 
parts  of  the  circuit.) 

2.  Using  proper  test  equipment,  isolate  the  trouble  and  measure  for 
correct  outputs  or  signals  at  various  parts  of  the  circuit,  especially  in 
the  area  where  the  trouble  is  suspected 

3.  Continue  test  and  measurement  using  mid-point  techniques  until 
problem  is  identified 

4.  Determir  c  which  component  or  components  are  the  cause  of  the 
faulty  indications 

5.  Repair  or  attach  tag  to  equipment  briefly  describing  trouble/ faulty  test 
indications,  and  component(s)  to  be  replaced 

C.  Repair 

1.  Disassemble  the  equipment 

2.  Remove  the  faulty  component(s) 

3.  Install  the  new  component(s) 

4.  Reassemble  the  equipment 

D.  Recertification 

1.  Check  for  proper  circuit  outputs 

2.  Adjust  current  or  voltage  levels  as  necessary 

3.  Operate  equipment  to  make  sure  trouble  symptoms  are  removed 
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EXPECTATIONS 
UNIT  I 

NAME 


TEST 

1 .   Match  the  terTns  on  the  right  to  the  correct  definitions  or  descriptions. 

1.  Electricity 

2.  Electronics 


_a.  A  person  who  studies  the  laws  of  nature 
in  order  to  learn  how  to  control  them  for 
society*s  betterment 


3.  Automation 

4.  Scientist 

5.  Engineer 

6.  Technician  ' 

7.  Craftsworker 

8^  Federal  Commu- 
nications Com- 
mission (FCC) 

9.  TroQbleshooting 


_b.  A  system  by  which  machinery  or  electronic 
devices  operate  and  regulate  themse<v8s  with 
little  or  r  ..  control  by  people 

_c.  A  United  States  government  agency  whiph 
regulates  all  electronics  communication  with- 
in this  country 

_d.  An  invisible  force  that  can  produce  heat, 
light,  or  motion  by  the  movement  of  small 
particles  of  matter  called  electrons 

_e.  A  person  who  assists  the  scientist  and  engi- 
neer in  their  work  and  helps  design,  build, 
install,  and  maintain  the  products 

_f.  A  systematic  method  of  locating  the  cause  of 
a  problem  or  malfunction  in  electrical  or 
electronic  equipment 

_g.  The  controlled  use  of  efectricity  in  vacuums, 
gases,  liquids,  or  vapors,  and  in  certain  semi- 
conductor materials 

_h.  A  person  who  designs  useful  products  on 
the  basis  of  scientific  knowledge 

J.  A  person  v "^-^t  is  skilled  in  performing  some 
part      th       ;iding  or  fabrication  of  a  pro- 


2.  State  four  re.tso    why  the  electronics  field  is  a  good  field  for  employment, 
a. 


c. 
d. 


EKLC 
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Select  tme  statements  about  the  technical-induslriai  team  by  placing  an  "X"  in  the  ap- 
propriate blanks. 

y 

a.  The  technical-industrial  team  consists  only  of  scientists  and  engineers 


_b.  The  technical-indjjstrial  team  consists  of  scientists,  engineers,  technicians, 
and  craftsworkers 

c.  The  work  of  an  engineering  technician  is  about  60%  theoretical  and  40% 
skill 

ji.  The  education  required  to  become  an  engineer  includes  only  high  ^School 
or  vocational  school 

_e.  A  craftsworker's  activities^nclude  product  design  and  research  for  new 
products  >^ 

f.   An  '   .  .'rial  technician's  activities  include  troubleshooting  and  repair  of 
eqt 

A  scientist's  work  is  about  10%  theoretical  and  90%  skill 


Name  two  places  of  employment  opportunities  for  electronics  technicians  in  each 
of  the  following  areas  of  electronics  work'; 

a.  ^    Independent  repair  shops 

^)  .  . 

2) 

b.  Large  private  repair  and  servicing  firms 

1) 
2) 

c.  Government  agencies 

2)  ■  . 

d.  National  communications  indust(^ies 

1)  •  '  • 

2) 

Select  true  statements  about  the  contents  of  this  electronics  course  by  placing  an  '*X" 
in  the  appropriate  blanks. 

 a.  The  laws  which  govern  electricity 

b.  How  to  use  a  plow 
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_c.  How  to  read  a  compass 

_d.  How  electricity  is  used  in  our  daily  lives 

e.  How  to  test,troubleshoot,  and  repair  circuits 

J.  How  to  change  an  automobile  tire 

_g.  How  to  fly  an  airplane 

_^h.  The  nature  and  use  of  electronic  components 

J.  How  to  determine  the  best  price  of  a  power  supply 

J.  How  to  use  test  and  measuring  equipment 

_k.  How  to  repair  plumbing 

I.  How  to  build  electronic  circuits 


6.  List  two  teacher  responsibilities  and  five  student  responsibilities  in  the  electronics 
program. 

a.  Teacher  responsibilities 

2) 

b.  Student  responsibilities 

.2) 
•     3)  • 
4) 
5) 

7.  Arrange  in  order  the  following  electronics  repair  steps  by  numbering  them  from  1 
to  15. 

a.  Disassemble  the  equipment 


 b.  Diagnose  the  cause  of  the  problem 

 c.  Using  proper  test  equipment,  isolate  the  trouble  and  measure  for  correct 

outputs  or  signals  at  various  parts  of  the  circuit,  especially  in  the  area  where 
trouble  is  suspected 

^  d.  Operate  or  attempt  to  operate  the  equipment 

 e.  Adjust  current  or  voltage  levels  as  necessary 
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f.  Reassemble  the  equipment 

g.  Observe  what  appears  to  be  wrong 

h.  Obtain  specifications  or  fact  sheets  for  the  equipment 

i.  Repair  or  attach  tag  to  equipment  briefly  describing  trouble,  faulty  test 
indications,  and  component(s)  to  ba  replaced 

j.    Remove  the  faulty  component(s) 

k.  Install  the  new  component(s) 

I.   Operate  equipment  to  make  sure  trouble  symptoms  are  removed 

m.  Continue  test  and  measurement  using  mid-point  techniques  until  problem 
is  identified 

n.  Determine  which  component  or  components  are  the  cause  of  the  faulty 
indications 

o.  Check  for  proper  circuit  outputs 


BE  -  19-A 


EXPECTATIONS 
UNIT  I 


ANSWERS  TO  TEST 


1. 


a. 


4 

3 
8 


f. 

g- 

h. 


g 

2 

5 
7 


b. 


c. 


d. 


I. 


e. 


2.  a.     New  types  of  electronic  equipment  are  constantly  being  developed  for  indus- 

try 

b.  Consumers  a/e  buying  more  electronic  devices  and  appliances  for  use  at  home 

c.  Present  technicians  are  continuously  retiring 

d.  There  are  opportunities  for  self-employment 

3.  b,c,f 

4.  Any  two  of  the  following  under  each  area; 

a.  1 )  Consumer  electronics  repair  shop 

2)  Radio  and  television  equipment.repair  shop 

3)  Automotive  and  aircraft  electronic  equipment  repair  shop 

b.  1)  Service  organizations 

2)  Technical  representatives 

3)  Manufacturers 

4)  Merchandisers 

c.  1)  Military  services 

2)  Government  laboratories 

3)  Government  Bureau  of  Standards 

4)  State  and  local  government  service  departments 

d.  1 )   Radio  and  television  networks 

2)  Telephone  and  telegraph  companies 

3)  Satellite  communications 

4)  Microwave  and  laser  communication  industries 

5)  Computer  industries 

5.  a,  d,  e,  h,  j,  I 

6.  Any  two  under  teacher  responsibilities  and  any  five  under  student  responsibilities: 
a.     Teacher  responsibilities 

1 )  Supervises  the  classroom 

2)  Provides  for  student's  needs 

3)  Makes  sure  safety  is  practiced  in  the  lab 

4)  Requires  students  to  follovy  directions 
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Student  responsibilities 


1 )  Follow  safety  rules  and  lab  regulations  without  exception 

2)  Attend  class  regularly  and  on  time 

3)  Refrain  from  causing  distractions 

4)  Follow  directions  exactly 

5)  Ask  for  help  when  needed 

6)  Never  perform  an  operation  which  is  not  understood 

7)  Complete  assigned  work  without  being  reminded 

8)  Have  pride  and  enthusiasm  in  work 


9 

f. 

12 

k. 

11 

3 

g- 

2 

1. 

15 

5 

h. 

4 

m. 

6 

1 

i. 

8 

n. 

7 

14 

j- 

10 

0. 

13 
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SAFETY 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  name  hazards  of  working 
with  electrical  and  electronics  systems  and  state  the  use  and  nnethod  of  operation  for 
common  types  of  fire  extinguishers.  The  student  should  also  be  able  to  select  safety  rules 
which  apply  to  the  proper  use  of  hand  tools,  safety  rules  which  should  be  observed  when 
using  power  tools,  and  rules  for  the  safe  use  of  electrical  cords.  This  knowledge  will  be 
evidenced  by  correctly  performing  the  procedures  outlined  on  the  assignment  sheets  and 
scoring  100%  on  the  unit  test. 


SPECIFIC  OBJECTIVES  ' 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  the  terms  associated  with  electrical  safety  to  the  correct  definitions. 

2.  Name  four  hazards  of  working  with  elUtrical  and  e:-.:  .ronics  equipment. 

3.  Select  true  statements  concerning  electrical  shock. 

.4.  Select  statements  that  describe  the  correct  procedure  when  treating  a  victim  of 
electrical  shock. 

5.  Match  the  four  fire  classes  (A,  B,  C,  and  D)  with  the  type  of  fire  which  each  class 
identifies. 

6.  State  the  use  (class  of  fire)  and  operation  of  four  common  types  of  fire  extin- 
guishers. 

7.  Match  the  six  colors  used  in  color  coding  with  the  type  of  hazard  they  designate. 

8.  Select  statements  which  describe  good  general  lab  safety  rules. 

9.  Select  statements  which  describe  good  personal  safety  rules. 

10.  Select  the  safety  rules  which  describe  hand  tool  safety  precautions. 

11.  Select.the  safety  rules  which  describe  power  tool  safety  precautions. 

1 2.  Select  statements  which  describe  rules  for  safe  use  of  electrical  cords, 

13.  Properly  plan  and  execute  a  class  fire  drill. 

14.  Indicate  a  willingness  to  follow  safety  rules  by  signing  the  student  safety  pledge 
sheet. 
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SAFETY 
UNIT  II 

t 

SUGGESTED  ACTIVITIES 

Instructor: 

I.      Provide  student  with  objective  sheet. 

ri 

II.       Provide  student  with  information  and  assignment  sheets. 
Ml.       Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheet(s). 

Vl.       Discuss  procedures  for  completing  Student  Safety  Pledge  Sheet. 

Vll.       Ask  local  fire  station  to  provide  lecture  and/or  demonstration  on  fire  safety,  with 
emphasis  on  electrical  fires. 

VIM.       Arrange  for  a  course  in  first  aid  and  cardiopulmonary  resuscitation  (CPR). 
IX.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Shocking  Facts 

2.  TM  2-Know  Your  Fire  Extinguisher 

3.  TM  3 -Electrical  Cord  Danger  Spots 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1-Test  Your  Knowledge  About  Electrical  Shock 

2.  Assignment  Sheet  #2--Test  Your  Knowledge  About  Safety  Rules 

3.  Assignment  Sheet  #3-Test  Your  Knowledge  About  Fire  Safety 

4.  Assignment  Sheet  #4-Plan  and  Execute  a  Class  Fire  Drill 

5.  Assignment  Sheet  #5--lndicate  a  Willingness  to  Fc'low  Safety  Rules  by 
Signing  the  Student  Safety  Pledge  Sheet 
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E.  Answers  to  assignment  sheets 

F.  Test 

G.  Answers  to  test 
References: 

A.  Grob,  Bernard.    Basic  Electronics,    New  York:    McGraw-Hill  Book  Co. 

B.  New  Mexico  Vocational-Industrial  Safety  Guide,  Santa  Fe,  NM:  New  Mexico 
State  Department  of  Education. 

C.  Any  Fire  Traps?,  pamphlet,  Greenfield,  MA:  Channing  L.  Bete.,  Inc. 
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INFORMATION  SHEET 


Terms  and  definitions 

A.  Safety-The  state  of  being  free  from  danger,  personal  risk,  or  injury 

B.  Accident-Any  unplanned  event,  occurring  suddenly,  which  causes  per- 
sonal injury  or  damage  to  property 

C.  First  aid-Immediate  care  given  to  an  accident  or  shock  victim  until  medical 
help  arrives 

D.  Electrical  shock-The  jolt  a  person  experiences  when  electrical  current  passes 
through  a  part  of  the  body 

(NOTE:  Electrical  shock  can  cause  serious  burns  and  muscle  damage,  and 
can  kill  a  victim  by  stopping  the  heart  or  breathing,  or  both.) 

E.  Electrical  conductive  materials-Materials  through  which  electrical  current 
flows  easily 

Examples:       Copper,  siIver,'gold,  aluminum 

F.  Electrical  insulating  materials-Materials  through  which  electrical  current 
cannot  flow  easily 

Examples:       Rubber,  cotton,  wood 

G.  Electrical  circuit-The  system  o^f  wires  and  cables  which  carry  electricity  to 
motors,  appliances,  heating  elements,  and  other  devices  which  operate  by 
means  of  electricity 

H.  Overloaded  circuit-An  electrical  circuit  which  is  drawing  more  electrical 
current  than  it  is  designed  to  handle 

I.  Electrical  outlet  adapter-An  electrical  plug  which  is  installed  into  an  elec- 
trical outlet  to  permit  connecting  two  or  more  electrical  wires  or  cables  to 
the  outlet 

(NOTE:  The  adapter  is  called  an  "octopus"  outlet  if  enough  cables  are 
attached  to  make  the  outlet  look  like  a  many-armed  octopus.) 

J.  Fuse--A  device  which  opens  the  circuit  ("burns  out")  when  the  circuit 
is  overloaded 

K.  Circuit  breaker-A  device  which  automatically  opens  the  circuit  like  a  switch 
if  too  much  currents  being  drawn 

L.  Smoke  alarm-A  device  which  senses  smoke  and  gives  off  a  shrill  sound 
to  alert  people  in  the  area  that  a  fire  may  be  starting 
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Hazards, of  working  with  electrical  and  electronics  equipment 

A.  Electrical  shock 

(NOTE:  Electrical  shock  can  occur  if  the  body  contacts  an  electrical  circuit 
or  is  struck  by  lightning.) 

B.  Electrical  burns 

(NOTE:  Electrical  burns  can  occur  if  the  body  contacts  an  electrical  circuit 
or  is  struck  by  lightning,  or  if  the  body  is  exposed  to  radio-frequency  waves, 
X-rays,  or  other  forms  of  radiation.) 

C.  Electrical  fires  , 

(NOTE:  Electrical  fires  can  occur  if  electrical  wires  become  heated  because 
of  an  overloaded  circuit  and  contact  flammable  materials.) 

D.  Injury  from  misuse  of  tools 

(NOTE:  Body  injuries  can  be  caused  by  the  improper  use  of  tools.) 
Facts  about  electrical  shock  (Transparency  1) 
A.    Current  is  usually  considered  more  dangerous  than  voltage 

1.  High  voltage  (low  current)  tends  to  knock  the  victim  away  from  the 
circuit,  minimizing  exposure  time 

2.  High  current  tends  to  cause  the  body  to  adhere  to  the  circuit,  so 
that  the  victim  cannot  let  go 

a.  At  about.  1  milliampere  (0.0010  amperes),  a  slight  shock  will 
be  felt 

b.  At  about  10  milliamperes  (0.010  amperes)  the  shock  is  severe 
enough  to  paralyze  muscles,  but  a  person  may  be  able  to  let 
go  of  the  conductor 

c.  At  about  100  milliamperes  (0.1  amperes)  the  shock  is  usually 
fatal  if  it  lasts  for  one  second  or  more 

(NOTE:  Human  body  resistance  varies  from  about  500,000  ohms 
when  dry  to  about  300  ohms  when  wet.  Because  of  this,  voltages 
as  low  as  30  volts  can  cause  enough  current  to  be  fatal.  Any 
circuit  with  a  potential  of  at  least  30  volts  must  be  considered 
dangerous.) 
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B.     The  frequency  of  alternating  current  can  be  dangerous 

1 .  High  frequency  energy  can  cause  serious  body  burns 
Examples:       Radio-frequency  (RF)  waves 

Radar  waves 

Microwaves  (as  in  microwave  ovens) 

2.  High  frequency  energy  can  arc  from  a  conductor  to  the  skin 

3.  Low  frequency  current,  like  60  cycles  per  second,  can  be  danger- 
ous 

Treating  a  victim  of  electrical  shock 

A.  Safely  remove  the  victim  frorri.  contact  with  the  source  of  electricity  using 
the  following  procedure: 

(CAUTION:  Do  not  touch  the  electrical  circuit  or  .the  victim  unless  the 
power  is  off  or  you  are  insulated.) 

1.  Turn  off  the  electricity  by  means  of  a  switch  or  circuit  breaker  or  cut 
cables  or  wires  by  means  of  a  wood-handled  axe  or  insulated  cutters  if 
available 

2.  Use  a  dry  stick,  rope,  leather  belt,  coat,  blanket,  or  any  other  noncon- 
ductor of  electricity  to  separate  the  victim  from  the  electrical  circuit 

B.  Call  foF'assistance 

1.  Others  in  the  area  may  be  more  knowledgeable  than  you  about  treating 
the  victim 

2.  Another  person  can  call  for  professional  medical  help  while  you  admin- 
ister first  aid 

C.  Cheick  victim's  breathing  and  heartbeat 
(NOTE:  TIME  IS  LIFE  AT  THIS  POINT!) 

1.  If  pulse  is  detectable,  but  breathing  has  stopped,  administer  mouth-to- 
mouth  resuscitation  until  medical  help  arrives 

2.  If  heartbeat  has  stopped,  administer  cardiopulmonary  resuscitation,  but 
only  if  you  have  been  trained  in  the  proper  technique 

(CAUTION:     Cardiopulmonary  resuscitation  can  cause  more  harm 
than  good  to  a  victim  unless  the  person  administering  the  first  aid 
.  has  been  trained  in  the  proper  procedure.) 
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3.  If  both  heartbeat  and  breathing  have  stopped,  alternate  between 
cardiopulmonary  resuscitation  and  mouth-to-mouth  resuscitation, 
but  again,  only  if  you  have  been  trained  in  this  technique 

D.  Administer  first  aid  for  shock  and  burns  as  necessary 

1.  Use  blankets  or  coats  to  help  keep  the  victim  as  warm  and  comfor- 
table as  possible  while  waiting  for  help 

2.  Raise  victim's  legs  slightly  above  head  level  to  help  prevent  shock 

3.  If  the  victim  has  suffered  burns: 

a.  Cover  your  mouth  and  nostrils  with  gauze  or  a  clean  handker- 
chief to  prevent  breathing  germs  on  the  victim  while  treating  the 
burns  j 

b.  Wrap  burned  area  firmly  with  sterile  gauzio  or  clean  linen  or 
towels 

(CAUTION:  Do  not  attempt  any  other  treatment  of  burns.) 

E.  Always  continue  treatment  but  only  within  ^/our  ability  until  medical 
help  arrives 

V.      Types  of  fires 

A.  Class  A-Fires  that  occur  in  ordinary  combustible  materials 
Examples:       Wood,  rags,  paper,  or  trash  ; 

B.  Class  B--Fires  that  occur  in  flammable  liquids 
Examples:       Gasoline,  oil,  grease,  paints,  and  thinners 

C.  Class  C-  Fires  that  occur  in  electrical^^and  electronic  equipment 

Examples:       Motors,  switchboards,  circuit  wiring,  radios,  and  television 
sets 

D.  Class  D- Fires  that  occur  in  combustible  metals 
Examples:       Powdered  aluminum  and  magnesium 

Vl.       Types  of  fire  extinguishers  and  their  use  (Transparency  2) 
A.    Water  types 

1 .  All  water  types  are  used  for  class  A  fires  only 

2.  Stored  pressure-Operate  by  squeezing  handle  or  turning  valve 

3.  Cartridge  operated -Operate  by  turning  cylinder  upside  down  anJ 
bumping 
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4.  Water  pump  tank-Operate  by  pumping  the  handle 

5.  Soda  acid-Operate  by  turning  cylinder  upside  down  " 

B.  Foam  type 

1.  Use  for  class  A  or  class  B  fii^ls 

2.  Operate  by  turning  cylinder  upside  down 

C.  Carbon  dioxide  type  (COj) 

1 .  Use  for  class  B  or  class  C  fires 

2.  Operate  by  pulling  pin  and  squeezing  lever 

D.  Dry  chemical  type 

(NOTE:  This  is  9  universal  type.) 

1 .  Use  for  class  B  or  class  C  fires 

2.  Operate  by  pulling  pin  or  rupturing  cartridge  and  squeezing  lever 

(NOTE:  Fire  extinguishers  are  not  effective  for  class  D  fires.  Instead,  ^ 
smother  metal  fires  with  dry  sand,  dirt,  ja\x,  or  soda  ash.) 

VII.       Safety  color  coding 

A.  Green 

1.  Applied  to  nonhazardous  parts  of  machine  and  equipment  surfaces, 
like  nameplates  and  bearing  surfaces 

2.  Designates  safe  ar^as  of  equipment,  and  is  also  used  to  show  location  of 
safety  equipment  and  first-aid  materials 

B.  Yellow 

1.  Applied  to  operating  levers,  wheels,  handles,  and  hazardous  parts 
that  may  cause  stumbling,  falling,  snagging,  or  tripping 

2.  Designates  caution 

C.  Orange 

1.  Applied  to  electrical  switches,  interior  surfaces  of  doors,  fuses  and 
electrical  power  boxes,  and  movable  guards  and  parts 

2.  Indicates  dangerous  parts  of  equipment  which  may  cut,  crush,  shock,  or 
otherwise  physically^  injure  someone 
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D.  Red 

1.  Applied  to  buttons  or  levers  of  electrical  switches  use(^  for  stopping^ 
machinery,  and  to  all  equipment,  such  as  gasoline-cans,  which  are  fire' 
hazards 

2.  Designates  fire  hazards  and  fire-fighting  equipment 

(NOTE:  The  color  red 'is  also  applied  to  other  fire-fighting  equipment, 
such  as  fire  alarms,  fire  axes,  and  emergency  exits.) 

E.  Blue  .  -  ^ 

1-  Used  to  identify  equipment  which  is  being  repaired  or  is  defective  and 
should  not  be  operated  - 

2.   Designates  "out  of  order"  or  "defective" 

F.  Ivory  "  •  . 

1.  Applied  to  label  edges, ^yise  jaws,  and  edges  of  tool  rests  vvhere^extra 
light  reflection  is  important 

2.  No  particular  designation  except  to  help  sh^w  tool  and  equipment 
moving  edges  more  clearly 

General  lab  safety  rules 

A.  Keep!)  all  hand  tools  clean  and  in  safe  working  order 

B.  Report. any  defective  tools,,  test  equipment,  or  other  equipment  to  the 
instructor 

C.  Do  not  remove  any  safety  devices,  (i.e.  ground  straps,  switch  covers,  etc.) 
without  the  permission  of  the  instructor 

D.  Do  not  operate  or  energize  any  circuit  that  could  be  hazardous  without 
first  receiving  instruction  on  how  to  do  so  safely 

E.  Report  all  accidents  to  the  instructor  regardless  of  nature  or  severity 

F.  Turn  off  power  before  leaving  test  equipment  or  circuits  being^rtfOrked 
on 

G.  Do  not  use  any  solvent  without  first  determining  its  properties,  and  how  to 
use  it  safely 

(NOTE:  Solvents  should  be  used  only  in  well-ventilated  spaces.) 

H.  Keep  the  laboratory  floor  clean  of  scraps  and  litter 
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I.     Clean  up  any  spilled  liquids  immediately 
J.     Store  all  cleaning  lags  in  metal  cans  or  containers 
(NOTE:  Cleaning  rags  could  contain  oil.) 
IX.       Personal  safety  rules 

A.  When  working  on  or  near  rotating  machinery,  secure  loose  clothing  and 
tie  hair  (if  long) 

B.  Isolate  line  (power)  voltages  from  ground  by  means  of  isolation  trans- 
formers 

C.  Check  all  line  (power)  cords  before  using  and  if  the  insulation  is  brittle 
and/or  cracked,  DO  NOT  USE  and  report  to  the  instructor 

D.  When  measuring  voltages  with  a  meter  and  test  probe,  be  careful  not  to 
connect  yourself  to  a  voltage  of  any  value 

E.  Be  certain  that  floor  is  insulated  either  by  tile,  rubber  mats,  or  the  wearing 
of  rubber-soled  shoes 

F.  When  measuring  voltages  expected  to  be  greater  than  30  volts,  turn  off 
or  disconnect  live  circuit  before  connecting  test  equipment 

(NOTE :  Treat  voltages  of  30  volts  or  over  with  great  respect.) 

G.  It  is  recommended  that  only  equipment  with  a  polarized  (3-prong)  plug 
be  used 

H.  Do  not  defeat  the  purpose  of  any  safety  device  such  as  fuses,  circuit  break- 
ers, or  interlocks;  shorting  acror^  these  devices  could  cause  excessive  current 
flow,  and  destroy  or  seriously  damage  equipment  being  worked  on,  as  well  as 
cause  a  fire 

I.  Do  not  carry  sharp  edged  or  pointed  tools  in  your  pockets 

J.     Do  not  indulge  in  horseplay  or  play  practical  oke^  n  any  work  area 
K.    Wear  qloves  and  goggles  when  required 

L.  Do  not  wear  rings  or  jewelry  v»/hen  working  with  mechanical  or  electrical 
devices 

M.    Exercise  good  judgment  and  common  sense 
X.      Hand  tool  safety  precautions 

(NOTE:  'Electronic  technicians  are  required  to  use  hand  tools  and  power  tools  to 
build  the  mechanical  parts  of  electronic  equipment.  Many  accidents  are  caused  by 
the  thoughtless  use  of  tools.  Thoughtless  use  of  tools  includes  using  a  tool  care- 
lessly or  incorrectly.  Accidents  result  from  using  a  tool  .:o  do  something  for  which 
it  was  not  intended.  There  is  a  right  way  and  a  wrong  way  to  use  any  tool.  Learn 
to  use  tools  in  the  right  way.) 
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A.  Keep  tools  in  proper  working  condition 

B.  Always  put  a  handle  on  a  file  when  you  use  it 

C.  Use  caution  with  your  soldering  iron  or  gun;  they  can  burn  and  cause  fires 

D.  Exercise  care  in  using  long  nose  pliers  and  diagonal  cutters;  they  can  pinch 
and  cut 

E.  Do  not  use  long  nose  pliers  as  a  wrench 

F.  Ease  up  on  the  pressure  just  before  a  hacksaw  completes  its  cut 

(NOTE:  Many  knuckles  and  hands  have  been  cut  because  this  was  for- 
gotten.) 

G.  Whenever  possible,  pull  on  a  wrench;  don't  push 

H.  Be  sure  hammer  heads  and  screwdriver  blades  are  fastened  tightly  in  th^ir 
handles 

!.     Use  safety  glasses  or  goggles  when  soldering  or  unsoldering 
Power  tool  safety  precautions 

(NOTE  :  Power  tools  usually  operate  on  120  volts.  This  voltage  can  cause  serious 
shock,  burns,  or  under  certain  conditions  death.  Always  check  the  power  tool 
before  you  use  it.  Be  sure  the  cord  is  in  good  condition  and  that  the  plug  and 
switch  are  not  broken.) 

A.  Keep  the  cord  clear  of  the  work 

B.  When  drilling,  use  a  sharp  drill  bit;  pressure  on  a  dull  drill  bit  can  cause  an 
accident 

C.  Securely  fasten  the  work  being  drilled 

(NOTE:  The  drill  will  turn  both  the  bit  and  the  work  which  can  cause 
injury.) 

D.  Be  sure  your  hands  are  dry  before  using  electric  tools 

E.  Keep  power  tool  guards  in  place;  they  are  for  your  protection 

F.  Operate  power  tools  only  after  you  have  had  instruction  in  their  uses 

G.  Wear  safety  goggles  or  glasses  when  operating  power  tools 
(NOTE:  Flying  chips  can  cause  permanent  damage  to  your  eyes.) 

H.  Power  cords  and  switches  should  be  checked  before  using  a  power  tool 
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Electrical  cord  safety  rules  (Transparency  3) 

A.  Do  not  overload  a  circuit  by  connecting  numerous  cords  to  a  single  outlet  by 
rueans  of  "octopus"  adapters 

B.  ^   not  pull  the  cord  to  disconnect;  use  the  plug 

C.  Do  not  use  e'ectrical  cords  with  frayed  or  worn  insulation;  replace  cord  as 
necessary 

D.  Do  not  suspend  electrical  cords  over  nails  or  pipes 

E.  Never  run  electrical  cords: 

1 .   Near  heating  devices,  like  space  heaters  or  radiators 
?.  Across  walkways 

3.  Under  carpets  or  rugs 

4.  Through  door  jannbs 
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Shocking  Facts 

60-Hertz  Current  Values  Affecting  Human  Beings 


CURRENT  VALUE 

ma  (.001  amperes) 
ma       (.010  amperes) 

ma  (.100  amperes) 
jrlOOma 
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EFFECTS 

Mild  sensation  (tingle). 

Shock  is  of  sufficient  intensity  to 
prevent  voluntary  control  of  muscles, 
so  that  you  will  not  be  able  to  let  go 
of  conductor. 

Shock  obtained  at  100  milliamperes  for 
one  second  is  sufficient  to  be  fatal. 

Same  as  above,  only  more  severe.  A 
heart  condition. known  as  ventricular 
fibrillation  may  occur.  A  change  in 
rhythm  of  the  heart  beat,  causing  death 
almost  immediately.  s 
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KNOW  YOUR  FIRE  EXTINGUISHER 


TYPE 
EXTINGUISHER 

WAT 

■RTYPE 

FOAM 

CARBON 
DIOXIDE 

i 

C02 

DRY  Oh 

EMICAL 

STORED 
PRESSURE 

CARTRIDGE 
OPERATED 

WATER  PUMP 
TANK 

y 

SODA  ACID 

FOAM 

If 

CARTfllDGE 
OPERATED 

STORED 
PRESSURE 

TYPES  OF  FIRES 

CLASS  A: 

WnOn  PAPER  TDAQU 
VVUUU,  rMrtn,  InMOn 

HAVING  GLOWING  EMBERS 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

NO 

CLASS  B: 

FLAMMABLE  LIQUIDS 
GASOLINE,  OIL,  PAINT 
GREASE,  ETC. 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

YES 

CLASS  C: 

ELECTRICAL 
EQUIPMENT 

NO 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

CLASS  D: 

COMBUSTIBLE  METALS 

★ 

* 

* 

* 

* 

* 

METHOD 
OF 

OPERATION 

SQUEEZE 
HANDLE 
OR 

'TURN 
VALVE 

TURN 
UPSIDE 
DOWN 
AND 
BUMP 

PUMP 
HANDLE^ 

TURN 

UPSIDE 

DOWN 

TURN 
UPSIDE 
DOWN 

PULL 
PIN, 
SQUEEZE 
LEVER 

RUPTURE 
CARTRIDGE. 
SQUEEZE 
LEVER 

PULL 
PIN, 
SQUEEZE 
LEVER 

m 

•  DO  NOT  USE  FIRE  EXTINGUISHER.  SMOTHER  FIRE  WITH  DRY  SAND,  GRAPHITE,  DIRT,  OR  SODA  ASH.  y 


Electrical  Cord  Danger  Spots 
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ASSIGNMENT  SHEET  #1-TEST  YOUR  KNOWLEDGE 
ABOUT  ELECTRICAL  SHOCK 

a.    Match  the  terms  on  the  right  with  the  proper  definitions.  Answers  may  be  used  more 
than  once. 


1. 

0.1  ampere 

a. 

Safety 

2. 

Unplanned  event 

b. 

First  aid 

3. 

Emergency  care 

c. 

Accident 

4. 

Being  free  from  danger 

d. 

Electric  shock 

5. 

Heart  or  breathing  stopped 

1  milliampere 

6. 

Muscle  paralysis 

f. 

10  milliamperes 

1, 

Just  feeling  a  shock 

100  milliamperes 

8. 

Jarring,  shaking  feeling 

h. 

Death 

9.  Event  involvng  personal  injury 


10. ^  Unable  to  let  go 

1 1 .  Fatal  if  more  than  one  second 


b.  '  At  about     .       amperes  the  shock  is  usually  fatal  if  it  lasts  for  one  second  or  more. 


c.     It  has  been  found  that  the  human  body  resistance  to  electrical  current  varies  from 
about  ohms  wet  to  ohms  dry. 

 1.  30-500,000   3.  300,000  -500,000 


2.  300-500,000   4.  500,000-30 


d.     Because  of  the  varying  body  resistance  to  electrical  current,  any  circuit  with  a  potential 
of  at  least  volts  MUST  BE  CONSIDER.ED  DANGEROUS. 


1.  300  3.  30 


2.  3,000   4.  30,000 


e.     List  at  least  two  ways  to  remove  a  victim  from  contact  with  an  electrical  circuit. 
1. 


2. 
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ASSIGNMENT  SHEET.#2-TEST  YOUR  KNOWLEDGE 
ABOUT  SAFETY  RULES 


From  the  list  of  conditions  listed  below,  select  the  conditions  that  are  unsafe  and- 
safe  by  placing  an  "X"  in  the  appropriate  columns. 

Conditions:  Unsafe  Safe 

1.  Oily  rags  on  floor  y     

2.  Soldering  iron  on  stand     

3.  Line  cord  insulation  frayed     

4.  Equipment  isolated  by  transformer     

5.  Litter  on  floor    ■  

6.  One  hand  behind  back 


b.     If  you  noticed  that  a  line  cord  was  frayed  which  of  the  following  would  be  the  best 
thing  for  you  to  do? 

 1 .  Notify  the  instructor  or  supervisor 

 2.  Unplug  it  from  the  wall 

 3.  Repair  it  or  replace  it 

4.  All  of  the  above  are  correct  / 


c.     Which  of  the  following  currents  would  be  fatal  to  the  human  body  if  applied  for 
one  second  or  more? 

 1.  0.1  ampere   3.  0.001  ampere 

 2.  0.01  ampere   4.  0.0001  ampere 


d.     If  your  friend  was  being  shocked,  and  you  couldn't  find  the  switch,  nor  find  anything 
to  pull  him  off  with,  which  of  the  following  could  you  use  to  cut  the  wires? 

 1.  A  kitchen  knife   3.  Diagonal  cutters 

 2.1  A  power  saw   4.  A  fire  axe 


If  you  are  m  a  shop  area  and  a  fire  suddenly  occurred,  which  of  the  following  colors 
woultf  help  yOU'to  locate  the  fire  extinguisher? 

1.  Yellow  3.  Green 


2.  Red   4.  Orange 


ASSIGNMENT  SHEET  #2 

When  working  with  electrical  test  equipment  you  should  be  certain  that  the 

is  turned  off  before  you  leave  it  for  any  reason.  ~ 

:  1.  Lights   3.  Power 

 2.  Water   4.  Sound 

If  you  have,  or  see  anyone  else  have  an  accident,  you  should  immediately: 

 1.  Report  it  to  the  supervisor   3.  Turn  your  back 

 2.  Call  the  principal  .  4.  Correct  the  condition  that  caused  it 

List  six  general  safety  rules  that  apply  to  lab  sessions. 

1.       

2.  

3.  '   

4.  ^  ■  . 

5.  

6.  

List  six  specific  (personal)  safety  rules  that  apply  to  the  student  during  lab  sessions. 

1.  ■ 

2.  '   

3.  

4.  ^  ' 

5.  

6.   [  

At  about   an  electric  shock  is  severe  enough  to  cause  muscle 

paralysis. 

 1.  1  milliampere 

 2.  10  milliamperes 

 3.  100  milliamperes 

 4.  1 ,000  milliamperes 


B£*-  45-A 


k.     List  a  safety  rule  to  be  followed  when  working  with  the.foliowing  hand  tools. 

.  1.  Files 

2.  Soldering  iron  when  soldering 

3.  Diagonal  pliers 

4.  Long  nose  pliers 

5.  Hacksaw 

6.  Hammer  ^ 

7.  Soldering  iron  when  unsoldering 

L      List  eight  specific  safety  rules  that  apply  when  using  power  tools. 

1.  

2.  

3.  .  

4.  '  - 

5.  - 


8. 


m.    List  the  one  safety  precaution  you  should  always  observe  when  operating  any  kind 
of  power  took  ^ 
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ASSIGNMENT  SHEET  #3--TEST  YOUR  KNOWLEDGE 
ABOUT  FIRE  SAFETY 


Match  the 
once. 

terms  on  the  right  to  the  correct  spaces.    Answers  may  be  used  more  than 

1. 

Switchboard  fire 

a. 

Cla^5  A 

* 

2. 

Wood  fire 

b. 

Class  B 

3. 

Oil  fire 

c. 

Class  C 

4. 

Must  be  turned  upside  down 

d. 

Pressurized  water 

5. 

Most  commonly  used 

e. 

Foam  ' 

6. 

Do  NOT  use  on  Class  B  or  C 

f. 

CO2 

7. 

Contains  only' water 

g. 

Soda  acid 

8. 

Carbon  dioxide 

h. 

Dry  chemical  (universal  type) 

9. 

Paper  fire 

i. 

Class  D 

10. 

Use  on  flammable  liquids 

11. 

Combustive  metal  fire 

The  class  of  fire  that  you  would  most  normally  find  to  occur  in  an  electronics  lab 
would  be: 


J.  Class 
2.  Class  B 


3.  Class  C 

4.  Class  F 


^5/  Class  .D 
6.  Class  I 


In  order  to  extinguish  a  class  A  fire  you  would  prob- biy  use  the  foilowir.g: 

 1.  Pressurized  water  3,  Foam 

 ^2.  Soda  acid    '   4.  All  c:  the  above 

In  an  electricaf  fire  you  should  never  use  which  of  the  following: 

 Carbon  dioxide  J  3.  Dry  chemical 

 2.  Pressurized  water   4.  None  of  tfie  above 

Which  of  the  following  types  of  extinguishers  usually  must  be  turned  upside  down 
before  they  can  be  used?  .  »  - 


1.  CO2 


_2.  Dry  chemical  and  water 


^3.  Pressurized  water  and  foam 
4.  Soda  acid  and  foam 
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ASSIGNMENT  SHEET  #4-PLAN  AND  EXECUTE  A 
CLASS  FIRE  DRILL 

a.  Determine  five  areas  in  your  classroom  or  school  workshop  where  fires  could  start. 

b.  Plan  a  safe  exit  route  away  from  each  of  the  possible  fires. 

c.  Locate  the  nearest  fire  alarm;  make  sure  you  know  how  to  operate  it. 

d.  Locate  the  nearest  telephone.  Find  out  what  the  fire  emergency  dial  numbers  are 
or  how  to  dial  the  operator. 

e.  Practice  giving  location  directions  for  the  fire  over  the  telephone. 

f.  Locate  fire  extinguishers  which  are  closest  to  the  possible  fires  determined  in  step  a. 
Refer  to  Transparency  2  and  check; 

1 .  Type  of  extinguisher 

2.  Type  of  fires  it  is  used  on 

3.  How  to  operate  it 

g.  Determine  which  fire  extinguisher  should  be  used  for  each  of  the  possible  fires  deter- 
mined in  step  a. 

h.  Appoint  a  fire  marshall  from  among  class  members.  This  person  will: 

1.  Alert  the  class  regarding  the  fire  (simulated) 

2.  Point  out  the  safest  exit  route 

3.  Operate  the  fire  alarm  or  call  the  fire  department 

4.  Man  the  proper  fire  extinguisher 

5.  Direct  firemen  to  the  fire  when  they  arrive 

i.  Conduct  a  practice  fire  drill  based  on  the  above  procedures. 
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ASSIGNMENT  SHEET  *5--INDICATE  A  Wl  LLINGNESS  TO  FOLLOW 
SAFETY  RULES  BY  SIGNING  THE  STUDENT  SAFETY  PLEDGE  SHEET 


STUDENT  SAFETY  PLEDGE  SHEET 


who  is  enrolled  in  Vocational  Electronics  Program,  will  as  a  part  of  his  or  her  shop 
experience,  operate  both  test  equipment  and  electrical  and/or  electronics  equipment, 
providing  that  his  or  her  parent  or  guardian  gives  written  permission,  if  applicable. 

It  is  understood  that  each  student  will  be  given  proper  instruction  both  in  the  use  of  tlie 
equipment  and  in  correct  safety  procedures  concerning  it,  before  being  allowed  to  operate  it 
himself  or  herself.  The  student  mjst  assume  responsibility  for  following  sjfe  practices,  and 
we  therefore  ask  that  he  or  she  subscribe  to  the  following:, 

1 .  To  follow  all  safety  rules  for  the  shop. 

2.  Never  to  use  a  piece  of  equipment  without  first  having  permission  from  the 
instructor. 

3.  Not  to  ask  permission  to  use  a  particular  piece  of  equipment  unless  I  have  been 
instructed  in  its  use,  and  have  100%  on  the  safety  test  for  thai  equipment. 

4.  To  report  any  accident  or  injury  to  the  teacher  immediately. 
I  subscribe  to  the  above: 

DATE   STUDENT'S  SIGNATURE 


I  hereby  give  my  consent  to.  allow  my  son/daughter  to  operate  all  tools  and  equipment 
necessary  in  carrying  out  the  requirements  of  the  course  in  which  he/she  is  enrolled. 

DATE    PARENT'S  SIGNATURE  

(If  applicable) 

Parents  are  cordially  invited  to  visit  the  shop  to  inspect  the  equipment  and  observe 
it  in  operation. 
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ANbVVERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #  1 

a.  1.     g  7.  ^ 

2.  c  8.  d 

3.  b  9  c 

4.  a  10.  f 

5.  h  11.  g 

6.  f 

b.  0.1  ampere 

c.  2 

d.  3 

e.  1.     Pull  off  with  bell,  coat,  blank/-' or  any  nonconductor  , 
2.     Open  switch  to  circuit 

f.  1.     Electric  sh  jck 

2.  Electical  fires 

3.  Gases 
Assignment  Sheei  #2 

a.  1.  Unsafe 

2.  Safe 

3.  Unsafe 

4.  Safe 

5.  Unsafe 

6.  Safe 

b.  1 

c.  1 

d.  4 

e.  2 

ERIC 
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Any  six  of  the  following: 

1 .  Keep  all  hand  tools  clean  and  in  safe  working  order 

2.  Report  any  defective  tools,  test  equipment,  or  other  equipment  to  the  instructor 

3.  Do  not  remove  any  safety  devices,  (i.e.  ground  straps,  switch  covers,  etc.) 
without  the  permission  of  the  instructor 

4.  Do  not  operate  or  energize  any  circuit  that  could  be  hazardous  without  first 
receiving  instruction  on  how  to  do  so  safely 

5.  Report  all  accidents  to  the  instructor  regardless  of  nature  or  severity 

6.  Turn  off  power  before  leaving  test  equipment  or  circuits  being  worked  on 

7.  Do  not  use  any  solvent  without  first  determining  its  properties,  and  how  to 
use  it  safely 

8.  Keep  the  laboratory  floor  clean  of  scraps  and  litter 

9.  Clean  up  any  spilled  liquids  immediately 

10.  Store  all  cleaning  rags  in  metal  cans  or  containers 
Any  six  of  the  following: 

1.  When  working  on  or  near  rotating  machinery,  secure  loose  clothing  and  tie 
hai*-  (if  long) 

2.  Isolate  line  (power)  voltages  from  ground  by  means  of  isolation  transformers 

3.  Check  all  line  (power)  cords  before  using  and  if  the  insulation  is  brittle  and/or 
cracked,  DO  NOT  USE  and  report  to  the  instructor 

4.  When  measuring  voltages  with  a  meter  and  test  probe,  be  careful  not  to  con- 
nect yourself  to.  a  voltage  of  any  value 

5.  Be  certain  that  floor  is  insulated  either  by  tile,  rubber  mats,  or  the  wearing  of 
rubber-soled  shoes 

6.  When  measuring  voltages  expected  to  be  greater  than  30  volts,  turn  off  or  dis- 
connect live  cii  cuit  before  connecting  test  equipment 

7.  It  is  recommended  that  only  equipment  with  a  polarized  (3-prong)  plug  be 
used 

8.  Do  not  defeat  the  purpose  of  any  safety  device  such  as  fuses,  circuit  breakers,  or 
interlocks;  shorting  across  these  devices  could  cause  excessive  current  flow,  and 
destroy  or  seriously  damage  equipment  being  worked  on,  as  well  as  cause  a  fire 
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9.  Do  not  carry  sharp-edged  or  pointed  tools  in  your  pockets 

10.  Do  not  indulge  in  horseplay  or  play  practical  jokes  in  any  lab 

1 1 .  Wear  gloves  and  goggles  when  required 

12.  Do  not  wear  rings  or  jewelry  when  working  with  mechanical  or  electrical  devices 

13.  Exercise  good  judgn   nt  and  common  sense 
j.  2 

k.     1 .  Always  put  a  handle  on  a  file  when  you  use  it 

2.  Use  caution  with  your  soldering  iron  or  gun;  they  can  burn  and  cause  fires 

3.  Exercise  care  in  using  long  nose  pliers  and  diagonal  cutters;  they  can  pinch  and 
cut 

4.  Do  not  use  long  nose  pliers  as  a  wrench 

5.  Ease  up  on  the  pressure  just  before  a  hacksaw  completes  its  cut 

6.  Be  sure  hammer  head  is  fastened  tightly  in  its  handle 

7.  Use  safety  glasses  or  goggles  when  soldering  or  unsoldering 
I.      1 .  Keep  the  cord  clear  of  the  work 

2.  When  drilling,  use  a  sharp  drill  bit;  pressure  on  a  dull  drill  bit  can  cause  an  acci- 
dent 

3.  Securely  fasten  the  work  being  drilled 

4.  Be  sure  your  hands  are  dry  before  using  electric  tools 

5.  Keep  power  tool  guards  in  place;  they  are  for  your  protection 

6.  Operate  power  tools  only  after  you  have  had  instruction  in  their  uses 

7.  Wear  safety  goggles  or  glasses  when  operating  power  tools 

8.  Power  cords  and  switches  should  be  checked  before  using  a  power  tool 
m.    Wear  your  safety  glasses  or  goggles 

Assignment  Sheet  #3 

a.       1.  c 

2.  a 

3.  b 


73 


56-A 

4.  e  and  g 

5.  f 

6.  d 

7.  d 

8.  b,  c,  and  f 

9.  a,  c,  and  d 

10.  h 

11.  i 
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SAFETY 
UNITII 


NAME 
TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


_a.  The  state  of  being  free  trom  danger,  personal 
risk,  or  injury  .  ' 


_b.  Any  unplanned  event,  occurring  suddenly, 
which  causes  personal  injury  or  damage 
to  property 

_c.  Immediate  care  given  to  an  accident  or 
shock  victim  until  medical  help  arrives 

_d.  The  jolt  a  person  experiences  when  electrical 
current  passes  through  a  part  of  the  body 

_e.  Materials  through  which  electrical  current 
flows  easily 

_f.   Materials  through  which  electrical  current 

cannot  flow  easily  ' 

_g.  The  system  of  wires  and  cables  'vhich  carry 
electricity  to  motors,  appliances,  heating 
elements,  and  other  devices  which  operate  by 
means  of  electricity 

_h.  An  electrical  circuit  which  is  drawing  mt 'e 
electrical  current  than  it  is  designed  to  handl  -* 

i.  An  electrical  p!..4  which  is  installed  into  an 
electrical  outlet  to  pvjrmit  connecting  two  or 
more  electrical  wires  or  cables  to  the  outk  s 

J.  A  device  which  opens  the  circuit  when  the  cir- 
cuit is  overloads^  . 

_k.  A  Jt^vice  wr  \  y\  a'jiv.  oatically  opens  a  circuit 
iike  a  switcn  if  coo  murl'  current  is  being 
drawn 

^1.  A  device  whir.!^  sef::ses  smoke  and  gives 
off  a  shrill  sound  to  alert  people  in  the  area 
that  a  fire  r,ay  be  ^^tarting 


1.  Fuse 

2.  First  aid 

3.  Elect.ical 
conductive 
materials 

4.  OverloadGx 
circuit 


6    3rr  v  '  0  alarm 

P    A  -:  .Mt 

metrical 
outlet 
adapter 

10  Electrical 
shock 

1 1.  Electrical 
circuit 

12.  Electrical 
insulating 
materials 
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Name  four  hazards  of  working  with  electrical  or  electronic  equipment, 
a. 


3.  Select  true  statements  concerning  electrical  shock  by  placing  an  "X"  in  *he  appropriate 
spaces. 

 a.  Electrical  shock  can  hurt,  but  it  can't  kill 

 b.  One  cannot  feel  electrical  shock 

 c.  Current  is  usually  considered  more  dangerous  than  voltage 

 d.  High  current  tends  to  cause  the  body  to  adhere  to  the  circuit,  so    '  :i  t:^e 

viciim  cannot  let  go 

 e.  At  aboui  10  milliamperes  (0.010  amperes)  the  shock  h  severe  enough  to 

paralyze  muscles,  but  a  person  may  be  able  to  let  go  of  the  ranUuotor 

 _T.   At  about  ICO  rnilliamperes  (0.1  amperes)  the  shock  is  jojr^ly  fatal  if  it  lasts 

for  one  second  or  more 

 g.  The  frequency  of  alternating  current  is  not  a  f3  Xr\  in  electrical  shock 

h.  Low  frequency  current,  like  60  cycles  per  second,  can  oe  dangerous 

4.  Select  the  statements  that  describe  correct  procedures  in  treating  a  victim  of  electrical 
shock  by  placing  an  "X"  in  the  appropriate  blonks. 

 a.  Cut  the  electrical  conductor  by  means  of  ordipur/  ^vetal  tin  snips  to  remove 

current  from  the  victim 

 b.  Uso  a  dry  stick,  leather  belt,  rope,  hlai^iket,  coat,  or  onv  other  nonconductor 

of  electricity  tJ  se  parate  the  victim  rrom  the  electrics!  '  rcuit 

 c.  Do  not  call  for  ass^stance-this  may  cause  tc^"  large  a  crowd  to  gather 

 d.  Always  assume  t'lat  you.  know  more  than  :-n>one  else  about  how  to  treat 

the  victin^ 

 e.  If  heartl:eat  has  stopped,  administer  cardiopulmonary  resuscitation,  but  only 

if  you  have  been  trained, in  the  proper  technique 

 f.  Mouth-to-moutli  resuscitation  should  never  be  attempted 

 g.  Use  bUnkets  or  coats  to  help  keep  the  victim  as  warm  and  comfortable 

as  possible  whJe  waiting  for  help 

 h.  Raise  i/'ctim's  head  slightly  above  leg  level  to  help  prevent  shock 
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 If  victim  has  suffered  burns,  apply  butter  or  grease  to  burned  areas 

 ^i-   Always  continue  treatment  but  only  within  your  ability  until  medical 

help  arrives 

 When  treating  burns,  cover  your  mouth  and  nostrils  with  gauze  or  a  clean 

handkerchief  to  prevent  breathing  germs  on  the  victim  while  treating  the 
burns 

Match  the  types  of  fires  described  below  with  the  proper  class  on  the  right. 

 a-  Fires  that  occur  in  ordinary  combustible  1    Class  C 

materials 


2    Class  A 

b.  Fires  that  occur  in  electrical  and  electronic 
equipment 


c.  Fires  that  occur  in  combustible  metals 
^d.  Fires  that  occur  in  flammable  liquids 


3.  Class  D 

4.  Class  B 


For  each  type  of  fire  extinguisher  listed  below,  state  the  class  of  fire  it  is  used  for  and 
how  it  is  operated. 

a.  Water  type-Stored  pressure 

1 )  Use  for  Class  fires 

2)  Operate  by  

b.  Foam  type 

1)  Use  for  Class  fires 

2)  Operate  by  

c.  Carbon  dioxide  type  (CO2) 

1 )  Use  for  Class  fires 

2)  Operate  by 


d.     Dry  chemical  type  (universal  type) 

1 )  Use  for  Class  fires 

2)  Operate  by 


Match  the  color  codes  on  the  right  to  the  type  of  hazard  they  designate. 

 a-  Operating  levers,  wheels,  handles,  and  other  1.  Blue 

hazardous  parts  which  could  cause  falling,  9  y_„^ 

snagging,  or  tripping  ^'  ^^''^^ 

3.  Red 

 b.  Fire   hazards   and    fire-fighting   equipment  4.  Orange 

 c.  Nonhazardous  parts  of  machines  and  equ  p-  ^' 

ment  surface^  6.  Green 
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d.  Equipment  which  is  being  repaired  or  is 
defective  and  should  not  be  operated 

e.  Label  edges,  vise  jaws,  and  edges  of  tool  rests 
where  3xtra  light  reflection  is  important 

f.  Electrical  switches,  interior  surfaces  of  doors, 
fuses  and  electrical  power  boxes,  and  movable 
guards  and  parts 


8.  Select  the  statements  which  describe  good  general  lab  safety  rules  by  placing  an  "X"  in 
the  appropriate  blanks. 

 a.  Keep  all  hand  tools  clean  and  in  safe  working  order 

 b.  Do  not  remove  any  safety  devices  (i.e.,  ground  straps,  switch  covers,  etc.) 

without  the  permission  of  the  instructor 

 c.  Do  not  operate  or  energize  any  circuit  that  could  be  hazardous  without 

first  receiviag  instruction  on  how  to  do  so  safely 

 d.  Report  all  accidents  to  the  instructor  regardless  of  nature  or  severity 

 ^e.  Do  not  use  any  solvent  without  first  determining  its  properties,  ahd  how  to 

use  it  safely 

f.   Keep  the  laboratory  floor  clean  of  scraps  and  litter 
 g.  Store  all  cleaning  rags  in  metal  cans  or  containers 

 h.  Report  any  defective  tools,  test  equipment  or  other  equipment  to  the 

instructor 

 i.   Turn  off  power  before  leaving  test  equipment  or  circuits  being  worked 

on 

 j.   Clean  up  any  spilled  liquids  immediately 

 k.  Do  electrical  experiments  in  the  dark 


 I.   Wear  long  hair  so  that  people  can  pull  you  to  safety  more  easily 

9.  Select  the  statements  which  are  good  personal  safety  rules  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  When  working  on  or  near  rotating  machinery,  secure  loose  clothing  and 

tie  hair  (if  long)  ^ 

 b.  Check  all  line  (power)  cords  before  using  and  if  the  insulation  is  brittle 

and/or  cracked,  DO  NOT  USE  and  report  to  the  instructor 
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 c.   Be  certain  that  floor  is  insulated  either  by  tile,  rubber  mats,  or  the  wearing 

of  rubber-soied  shoes 

 d.  it  is  recommended  that  only  equipment  with  a  polarized  (3-prong)  plug 

be  used 

 e.  Do  not  carry  sharp-edged  or  pointed  tools  in  your  pockets  ^ 

f.   Wear  gloves  and  goggles  when  required 
 g.  Exercise  good  judgment  and  common  sense 

 h\  Do  not  indulge  in  horseplay  or  play  practical  jokes  in  any  work  area 

 Do  not  defeat  the  purpose  of  any  safei;  devices  such  as  fuses,  circuit  break- 

ersT,  or  interlocks;  shorting  across  these  devices  could  cause  excessive  current 
flow,  and  destroy  or  seriously  damage  equipment  being  worked  on,  as  well  as 
cause  a  fire 

 j-    When  measuring  voltages  expected  to  be  greater  than  30  volts,  turn  off 

or  disconnect  live  circuit  before  connecting  test  equipment 

 k.  When  measuring  voltages  with  a  meter  and  test  probe,  be  careful  not  to 

connect  yourself  to  a  voltage  of  any  value 

 Isolate  line  (power)  voltages  from  ground  by  means  of  an  isolation 

transformer 

 in.  Keep  hands  wet  when  doing  electrical  experiments 

 n.  Don't  ever  put  your  hand  in  your  pocket 

10.  Select  the  safety  rules  which  describe  hand  tool  safety  precautions  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a.  A  large  screwdriver  can  be  used  as  a  pry-bar 

 b.  Always  put  a  handle  on  a  file  when  you  use  it 

 c.  Whenever  possible  push  on  a  wrench,  don't  pull  on  it 

 d.  Do  not  use  long  nose  pliers  as  a  wrench 

 e.  Use  safety  glasses  or  goggles  when  soldering  or  unsoldering 

 The  use  of  hand  tools  is  obvious  -  you  don't  need  any  instructions 

 g.  The  use  of  hand  tools  seldom  causes  accidents 

11.  Select  the  safety  rules  which  describe  power  tool  safety  precauti'ons  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a-  A  dull  drill  bit  can  be  used  if  you  apply  sufficient  pressure 

 b.  Securely  fasten  the  work  being  drilled 

 c.  It  is  correct  to  use  a  hand  drill  even  thou.jh  your  hands  are  wet  with 

perspiration 
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Power  tool  guards  can  be  removed  If  they  interfere  with  your  work 
^e.  Wear  safety  goggles  or  glasses  when  operating  power  tools 
f.   Power  cords  and  switches  should  be  checked  before  using  a  power  tool 


12.  'Select  the  statements  that  describe  rules  for  safe  use  of  eiectrrca!  cords  by  placing  an 
"X'*  in  the  appropriate  blanks. 

 a.  Do  not  overload  a  circuit  by  connecting  numerous  cords  to  a  single  outlet  by 

means  of  "octopus"  adapters 

 b.  Disconnect  electrical  cables  by  pulling  on  the  cord 

 c.   Repair  frayed  or  worn  cords  with  cellophane  tape 

d.  Do  not  suspend  electrical  cords  over  nails  or  pipes 


e.  Electrical  cords  can  be  routed  under  rugs  to  prevent  people  from  trip- 
ping over  them 

f .  Never  run  electrical  cords  through  door  jambs 


13.  Properly  plan  and  execute  a  class  fire  drill. 

14.  Indicate  a  willingness  to  follow  safety  rules  by  signing  the  student  safety  pledge  sheet. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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SAFETY 
UNIT  II 


ANSWERS  TO  TEST  i 


1-   a.     5      c.     2      e.     3      g.     11    i.      9      k.  7 
b.     8      d.     10    f.      12    h.     4     j.      1      I.  6 

2.  a.  Electrical  shock 

b.  Electrical  burns 

c.  Electrical  fires 

d.  Injury  from  misuse  of  tools 

3.  c,  d,  e,  f,  h 

4.  b,  e,  g,  j,  k 

5.  a.  2  c.  3 
b.  1  d.  4 

6.  a.  1)  Class  A 

2)  Squeezing  handle  or  turning  valve 

b.  1 )  Class  A  or  B 

2)  Turning  cylinder  upside  down 

c.  1 )  Class  B  or  C 

2)  Pulling  pin  and  squeezing  lever 

d.  1)  Class  B  or  C 

2)  Pulling  pin  or  rupturing  cartridge  and  squeezing  lever 

7.  a.  2  c.  6  e.  5 
b.  3          d.  1  f.  4 

8.  a,  b,  c,  d,  e,  f,  g,  h,  i,  ] 

9.  a,  b,  c,  d,  e,  f,  g,  h,  i,  j,  k,  1 

10.  b,  d,  e 

11.  b,  e,  f 

12.  a,  d,  f 

1 3.  Evaluated  to  the  satisfaction  of  the  instructor. 

14.  Evaluated  to  the  satisfaction  of  the  instructor. 
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HAND  TOOLS 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able'to  identify  basic  hand  tools  and 
list  maintenance  procedures  for  tools.  The  student  should  also  be  able  to  clean  and  lubricate 
pliers  and  adjust  wire  strippers.  This  knowledge  will  be  evidenced  by  correctly  performing 
the  procedures  outlined  on  the  job  sheets  and  by  scoring  85  percent  oh  the  unit  test. 


•  SPECIFICOBJECTIVES 

After  completion  of  this  unit,  the  studenJ»>s^ould  be^^le  toi 
1.   Identify  basic  hand  tools.  ^  ^ 
*'  2.   Match  tools  to  their  uses. 
.  3.    List  factors  to  consider  when  selecting  tools. 

4.  List  maintenance  procedures  for  tools. 

5.  Demonstrate  the  ability  to:  . 

a.  '  Clean  and  lubricate  pliers. 

b.  Adjust  wire  strippers. 
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HAND  TOOLS 
UNIT  III 


SUGGESTED  ACTIVITIES 


.  I 


Provide  student  with  objective  sheet. 


Provide  student  with  information  and  job  sheets. 


Ill 


Make  transparencies. 


IV 


Discuss  unit  and  specific  objectives. 


V, 


Discuss  information  sheets. 


VI 


Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 


VII 


Encourage  all  students  to  get  actual  hands-on  experience  with  all  the  hand  tools 
available  at  your  location. 


VIII. 


Give  test. 


INSTRUCTIONAL  MATERIALS 


I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1-Hand  Tools 

2.  TM  2-Hand  Tools  (Continued) 

3.  TM  3--Hand  Tools  (Continued) 

D.  Job  sheets 

1.  Job  Sheet  #T-Clean  and  Lubricate  Pliers 

2.  Job  Sheet  #2-Adjust  Wire  Strippers 

E.  Test 

F.  Answers  to  test 
U.  References: 

A.  Residential  Wiring.  Stillwater,  OK:  Mid-America  Vocational  Curriculum 
Consortium/Oklahoma  State  Department  of  Vocational  and  Technical  Edu- 
cation, 1978. 


B.    Basic  Electricity/Electronics.  Natchitoches  LA:  State  uepartment  of  Voca- 
tional Education,  1979. 
Additional  Materials-Too/s  and  Test  Instruments  for  Technicians  Engle- 
wood,  CO  80110:  National  Camera,  Inc. 
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HAND  TOOLS 
UNIT  III 


INFORMATION  SHEET 


B. 
C. 

1 

D. 
E. 
F. 

G. 

H. 

I. 

J. 

K. 


BS  of  hand  tools  (Transparencies  1,  2,  and  3) 
Pliers 

1.  Long  nose  chain  pliers 

(NOTE;  These  are  sometimes  called  needlenose  pliers.) 

2.  Diagonal  cutting  pliers 

3.  Lineman's  side  cutting  pliers 

4.  Combination  slip  joint  pliers 
Screwdrivers 

1.  Flat  blade  (slot-head)  screwdriver  ^ 

2.  Phillips  head  (cross-point)  screwdriver 
Saws 

1.  Hacksaw  \ 

2.  ^Hole  saw 
Adjustable  wire  strippers 
Electrician's  six-in-one  tool 

\ 

Wrenches 

1.  Adjustable  wrench' 

2.  Hex  and  spline  w.ench 
Nut  driver 

Drill  and  drill  bits 
Wire  gauge 
Hemostat  clamp 
Ball  peen  hnmmer 
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INFORMATION  SHEET 

L  Files 

1.  Flat  file 

2.  Half-round  file 

3.  Pjecision  fi!?? 

o 

M.    Punches  » 

1.  Center  punch 

2.  Square  hole  punch 

3.  Round  hole  punch 
II.      Tools  and  their  uses 

A.  Long  nose  chain  pliers 

1.  Holding  components 

2.  Heat  sink 

3.  Shaping  and  forming  small  conductors 

B.  Diagonal  cutting  pliers 

1.  Cutting  wire  and  component  leads 

2.  Stripping  insulation  from  wire 

C.  Lineman's  side  cutting  pliers 

1 .  Cutting  heavier  conductors  and  cables 

2.  Cutting  small  screws 

3.  Stripping  insulation  from  wires 

4.  Forming  large  conductors 
0.    Combination  slip  joint  pliers 

1 .  Loosening  small  to  medium  size  nuts  and  bolts 

2.  Holding  and  turning 

E.     Screwdrivers-Removing  or  tightening  screws  and  bolts  (flat  blade  or  Phillips) 
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Hacksaw 


1 .  Cutting  chassis  metal 

2.  Cutting  bolts  or  metal  parts 

Example:  Antenna  installation  parts,  or  screws  and  bolts  too  large  to 
cut  with  side  cutting  pliers 

G.  Electrician's  six-in-one  tool 

1 .  Crimping  solderless  connections 

2.  Cutting  wire 

3.  Stripping  insulation  from  wire 

4.  Shearing  bolts 

5.  Thr3ad  gcjges 

6.  Length  gauges  for  stripping 

H.  Nut  drivers 

1 .  Holding  nuts  or  bolt  heac"*; 

2.  Tfihtening  or  hoseninq  nuts  or  bolts 

I.  Hex  and  spline  wrenches 

1 .  Tight?ning  or  loosening  socket  cap  screws 

2.  Tightening  or  loosening  set  screws 
J.     Hole  saws  and  hole  punches 


1 .  Cutting  holes  up  to  four  inches  iii  diameter 

2.  Punching  round  or  square  holes  in  metal 
Factors  to  consider  when  selecting  tools 

A.  Tool  size  should  be  matched  to  the  work  most  frequently  encountered 

B.  Tools  should  be  specifically  designed  for  electronic  use  when  possibio 

1.  Should  have  insulation  on  handles  of  pliers 

2.  Should  have  insulation  on  handles  of  screwdrivers 

C.  Purchasing  quality  tools  is  less  expensive  in  the  long  run 
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INFORMATION  SHEET 

D.     Know  the  specifications  before  purchasing  a  tool 

(NOTE:  When  in  doubt  about  what  tools  are  best,  consult  a  practicing 
electronics  specialist  in  your  area.) 

Example.  Pliers,  long  chain  nose,  5",  with  plastic  grip  handles,  and  serrated 
jaws 

Flat  blade  screwdriver,  electrician's  round  si...'  6"  x  3/16" 
blade  w/cushion  grips 

Tool  maintenance  procedures 

A.  Screwdrivers 

1 .  Regrind  worn  or  damaged  flat  blade  screwdrivers 

2.  Discard  damaged  Phillips  screwdrivers 

B.  Pliers 

1.  Keep  pliers  clean  and  rust  free 

2.  Keep  cutting  edges  sharp  and  smootJ^ 

3.  Keep  pliers  working  freely 

4.  Repair  or  replace  damaged  handle  insulation 

C.  Adjustable  wrenches--Keep  worm  gears  '^lean  and  Rubricated 

( 

D.  All  tools-ldeniify  tools  by  labelir   " -th  an  electric  vibrator  pen  or  scratch 
avvl 
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Hand  Tools 


Long  Nose  Chain  Pliers 


Diagonal  Cutting  Pliers 


Lineman's  Side  Cutting  Pliers 


Combination  Slip-Joint  Pliers 


Flat  Blade  (slot-head)  Screwdriver 


Phillips  Head  Screwdriver 


Hole  Saw 

S9 
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Hand  Tools 

{Continued) 


Hex  and  Spline  Wrenches     Wire  Gauge         Hfimostat  Clamp 
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Hand  Tools 

(Continued  ) 


Ball  Peen  Hammer 


Center  Punch 


Flat  File 


Half-Round  File 


"V. 

I 


Square  Hole  Punch 


Precision  Files 


Round  Hole  Punch 
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HAND  TOOLS 
UNIT  III 

JOB  SHEET  #1-CLEAN  AND  LUBRICATE  PLIERS 

I.       Tools  and  materials 

A.  Pliers 

B.  Solvent 

C.  Oil 

D.  Solvent  t^by  or  equivalent 
II.  Procedure 

A.  Lay  pliers  in  tray 

B.  Pour  solvent  into  tray  until  pliers  are  submersed 

(NOTE:  If  pliers  have  cushion  grips,  immerse  only  the  head.) 

C.  Open  and  close  pliers  several  times  while  submersed 

D.  Let  pliers  set  for  three  or  four  minutes  in  the  soivent 

E.  Remove  from  solvent 

F.  Open  and  close  rapidly  until  pliers  work  freely 

(NOTE:  If  pliers  do  not  work  freely,  repeat  Steps  C  through  F.) 

n 

G.  Wipe  residue  from  plier  joint  with  a  cicth  or  paper  towel 

H.  Apply  two  or  three  drops  of  oil  to  joints  of  the  pliers 

I.  Work  the  pliers  until  the  oil  has  penetrated  the  joint 
J.     Wipe  excess  oil  from  pliers 
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HAND  TOOLS 
UNIT  Hi 

JOB  SHEET  #2"ADJUST  WIRE  STRIPPERS 

I.       Tools  and  materials 

A.  Adjustable  wire  strippers 

B.  Variety  of  solid  insulated  conductors 

C.  Screwdriver  or  nut  driver  to  fit  adjustment  screw 
11.  Procedure 

A.     Loosen  adjustment  screw  (Figure  1) 


B.  Insert  conductor  into  stripping  slot 

C.  Close  jaws  until  you  feel  that  you  have  reached  the  conductor 

D.  Open  jaws  slightly 

E.  Slide  adjustment  screw  down  to  its  resting  position  (Figure  2) 
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JOB  SHEET  #2 

F.  Strip  off  approximately  3?8^nch  of  insulation 

G.  Check  conductor  for  ring  or  nick  (Figure  3) 

(NOTE:  If  nick  occurs,  loosen  adjustment  screw,  readjust,  and  test  again 
until  insulation  is  removed  without  conductor  damage.) 


',/./,/.,/.,,.///„/,//,,/, 


/d/ ////  Z^Yj  A/^fft//^A 


Correctly  Adjusted 


Incorrectly  Adjusted 


FIGURE  3 
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HAND  TOOLS 
UNIT  III 

NAME 

TEST 

1.   Identify  the  hand  tools  below. 
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Match  the  tools  on  the  right  to  their  uses. 


a.  Removing  or  tightening  screws  or  bolts  (flat 
head  or  Phillips  head) 

b.  1 )     Crimping  solderless  connections 

2)  Cutting  wire 

3)  Stripping  insulation  from  wire 

4)  Shearing  bolts 

5)  "I  hread  gauges 

6)  Length  gauges  fo:-  stripping 
_c.   1 )  Holding  components 

2)  Heat  sink 

3)  Shaping  and  forming  small  conductors 

_d.  1 )     Cutting   holes  up  to  four   inches  in 
diameter  ' 

2)  Punching  round  or  square  holes  in  metal 

c 

e.   1)  Holding  nuts  or  bolt  heads 

2)  Tightening  or  loosening  nuts  or  bolts 

^f.    1)  Cutting  chassis,  metal 

2)  Cutting  bolts  or  metal  parts 

_g.   1)  Cutting  heavier  conductors  and  cables 

2)  Cutting  small  screws 

3)  Stripping  insulation  from  wires 

4)  Forming  large  conductors 

h,  1)  Cutting    wire    and    component  leads 
2)  Stripping  insulation  from  wire 

i.  1)     Tightening    or    loosening   socket  cap 

screws 


1.  Long  nose 
chain  pliers 

2.  Diagonal  cut- 
ting pliers 

3..  Lineman's  side 
cutting  pliers 

4.  Combination  slip 
joint  pliers 

5.  Screwdrivers 

6.  Hacksaw 

7.  Electrician's 
six-in-one  tool 

8.  Nut-djivers 

9.  Hex  and  spline 
wrenches 

10.   Hole  saws  and 
hole  punches 


2)     Tightening    or    loosening    set  screws 
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 j'    1  /     Loosening  small  to  medium  size  nuts  and 

bolts 

2)     Holding  and  tuming 
3.    List  three  factors  that  should  be  considered  when  selecting  tools, 
a. 
b. 


4,    List  maintenance  procedures  for  the  following  tools, 
a.     Screwdrivers ' 
1) 


2)  _ 

Pliers 

1) 
2) 
3) 
4) 


Adjustable  wrenches- 
All  tools-- 


5.    Demonstrate  the  ability  to* 
a.     Clean  and  lubricate  pliers, 
h,^    Adjust  wire  strippers. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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ANSWERS  TO  TEST 


1.  a.  Long  nose  chain  filiers" 

b.  Diagonal  cutting  pliers 

c.  Lineman's  side  cutting  pliers 
ci.  Combination  slip  joint  pliers 

e.  Flat  blade  (slot-head)  screwdriver 

f.  Phillips  head  (cross-point)  screwdriver 

g.  Hacksaw 

h.  Hole  saw 

i.  Adjustable  wire  strippers 

j.  Electrician's  six-in-one  tool 

k.  Adjustable  wrench 

I.  Hex  and  spline  wrenches 

m.  Nut  driver 

n.  .  Drill  and  drill  bits 

o.  Wire  gauge 

p.  Hemostat  clamp 

q.  Ball  peen  hammer 

r.  Flat  file 

s.  Half-round  file 

t.  Precision  files 

u.  Center  punch 

V.  Square  hole  puncfi 

w.  Round  hole  punch 

2.  a.  5      c.     1      e.     8      g.     3      i.  9 

b.  7      d.     10    f.      6      h.     2      j.  4 

3.  Any  three  of  the  following: 

a;  Tool  size  should  be  matched  to  the  work  most  frequently  encountered 

b.  Tools  should  be  specifically  designed  for  electronic  use  whenever  (possible 


c. 


1 )  Should  have  insulation  on  handles  of  pliers 

2)  Should  have  insulation  on  handles  of  screwdrivers 

Purchasing  quality  tools  is  less  exp^^nsive  in  the  long  run 


d. 


Know  the'specifications  before  [.o'^jhasing  a  tool 


4. 


a. 


Screwdrivers 


1 )  Regrind  worn  or  damaged  flat  blade  screwdrivers 

2)  Discard  damaged  Phillips^^crewdrivers 
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b.  Pliers 

1)  Keep  pliers  clean  and  rust  free  ^ 

2)  Keep  cutting  edges  sharp  and  smooth 

3)  Keep  pliers  working  freely 

4)  Repair  or  replace  damaged  handle  insulation 

c.  Adjustable  wrenches-Keep  worm  gears  clean  and  lubricated 


d.  All  tools-Identify  tools  by  labeling  with  an  electric  vibrator  pen  or  scratch  awl 
5.    Performance  skills  evaluated  to  the  satisfaction  of  the  instujctor^- 
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THE  NATURE  OF  MATTER 
UNIT  I 


UNIT  OBJECTIVE  v 

After  completion  of  this  unit,  the  student  should  be  able  to  describe  the  random  drift  of 
elecitrons  and  discuss  the  Irw  of  electrical  charges.  The  student  should  also  be  able  to  create 
and  observe  the  behavior  of  charges.  This  knowledge  will  be  evidenced  by  correctly  per- 
forming the  procedures  outlined  on  the  job  sheet  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match- terms  associated  with  the  nature  of  matter  to  the  correct  definitions. 

2.  Select  the  particle  not  found  in  the  nucleus  of  the  atom. 

3.  Distinguish  between  inner  and  outer  orbits. 

4.  Describe  the  random  drift  of  electrons. 

5.  Discuss  the  law  of  electrical  charges. 

6.  "  Demonstrate  the  ability  to  create  and  observe  the  behavior  of  charges. 
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THE  NATURE  OF  MATTER 
UNIT  I 

SUGGESTED  ACTIVITIES 

\ 

I.       Provide  student  with  objective  sheet. 

II.       Provide  student  with  information,  assignment,  and  job  sheets. 
IN.      Make  transparency. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI:  Demonstrate  and  discuss  the  procedures*  outlined  in  the  job  sheet. 
VII.  Giv^test. 

INSTRUCTIONAL  MATERIALS 
I.       Included  in  this  unit: 


A. 

Objective  sheet 

B. 

Information  sheet 

C. 

Transparency  Master  #1-The  Atom  and  Its  Particles 

D. 

Assignment|Sheet  #1 --Recall  Terminology  and  Concepts 

E. 

Answers  to  assignment  sheet 

F. 

Job  Sheet  #1-Create  and  Observe  the  Behavior  of  Charges 

G. 

Test 

H. 

Answers  to  test 

II.       Reference-Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill  Book  Co., 
1977. 


'    .  .  BE-5-B 
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THE  NATURE  OF  MATTER 
UNIT  I 

■    INFORMATION  SHEET 
Terms  and  definitions 

A.  Matter-Anything  that  occupies  space;  can  be  solid,  liquid,  or  gas 

B.  Atom-Smallest  unit  of  matter 

.  C.     Element--Matter?omposed  entirely  of  identical  atoms 

D.  Compound-Result  when  atoms  of  different  elements  are  joined  chemical- 
ly     .  .  '     .  • 

E.  Molecule-Basic  unit  of-a  compound 

F.  Mixture-Result -when  substances  are  together  but  not  joined  chemically 

G.  Electron-Lightest,  negatively  charged  elementary  particle,  which  orbits 
around  the  nucleus  '  , 

H.  Proton-Positively  charged  elementary  particle  located  in  the  nucleus 

I.  Neutron-A  heavy,  uncharged  elementary  particle  which  is  located  in  the 
nucleus  '  ^ 

J.     Free  electrons-Particles  in  ths  outermost  orbit  of  an  atom  which  can  move 
freely  from  one  atom  to  the  ne.<t 

(NOTE:  Free.iBlectrons  are  va'^nce  electrons.) 

K.     lon-An  electrically  charged  atom 

L.     Charge-An  excess  or  deficiency  of  electrons 

Location  of  atomic  particles  (Transparency  1) 

A.  In  tiie  nucleus 

1.  Protons 

2.  Neutrons 

B.  Orbiting  the  nucleus-Electrons 
Inner  and  outer  orbits 

A.  Inner  orbits-Ccntains  no  free  electrons 

B.  Outer  orbits 

1.  Orbit  may  be  partially  filled 

2.  If  partially  filled,  contains  free  electrons 
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INFORMATION  SHEET 

Random  ^drifr^electrons-The  movement  of  an  electron  from  the  orbit  of  one 
atom  to  the  orbit  of  another  atom' occurring -naturally  with  no  controlling  force 
apf)Iied  -  ' 

(NOTE:  Even  when  no  controlling  or  directing  force"  is  present,  electrons  move 
from  the  orbit  of  one  atom  to  the  outer  orbit  of  another.) 

Law  of  electricaj  charges 

A.  Like  charges  repel 

Example:        Electron^  repel  electrons 

B.  Unlike  charges  attract 

Example:        Protons  atiract  electrons 


The  Atom  and  Its  Particles 


THE  NATURE  OF  MATTER 
UNIT  I 


ASSIGNMENT  SHEEt  #1"RECA.LL  TERMINOLOGY  AND  CONCEPTS  • 
Fill  in  the  blanks  with  the  proper  word. 

a.  When  substances  are  together  but  not  joined  chemically,  the  result  is  called  a 

b.  The  lightest  of  the  three  elementary  particles  is  the 


The  __\s  the  smallest  unit  of  matter. 

d.     The  elementary  atomic  particle  having  no  charge  is  the 
Anything  that  occupies  space  is  called 


The  has  a  positive  charge  and  is  in  the  nucleus 

of  an  atom. 

9-  is  matter  that  is  composed  of  identical  atoms. 


h.   ^  Atoms  of  dif  icrent  elements,  joined  together  chemically,  are  called 


The  basic  unit  of  a  compound  is  the 


Label  the  parts  of  the  atom  in  the  diagram  below. 
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3.  Free  electrons  are  found  in  the  (inner)  (outer)  orbits  of  an  atom. 

4.  Describe  "random  drift"  of  electrons  in  an  element. 

c 


5.   True  or  false: 

'  a.  Two  electrons  that  are  close  to  each  other  will  attract  each  other. 

 b.  A  proton  close  to  an  electron  will  attract  it. 

 c.  Two  protons  close  to  each  other  will  repel  each  other. 
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THE  NATURE  OF  MATTER 
UNIT  I 

ANSWERS  TO  ASSIGNMENT  SHEET  #1 


a. 

mixture 

b. 

electron 

c. 

atom 

d. 

neutron 

e. 

matter 

f. 

proton 

g. 

An  element 

h. 

compounds 

i. 

molecule 

a. 

electrons 

b. 

nucleus 

c. 

neutron 

d. 

proton 

outer 

4.  The  random  movement  of  an  electron  from  the  outer  orbit  of  one  electron  to  the 
outer  orbit  of  another. 

5.  a.  false 
b.  true 

'  c.  true 
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THE  NATURE  OF  MATTER 
UNIT  ! 


"  JOB  SHEET  #1--CREATE  AND  OBSERVE  THE  BEHAVIOR  OF  CHARGES 

I.      Tools  and  equipment 

A.  Two  glass  rods 

B.  Silk  cloth  about  one  foot  square 

C.  Three  feet  of  twine 
II.  Procedure 

A.    Tie  the  twine  to  the  center  of  a  glass  rod 
,  B.     Suspend  the  rod  by  the  twine  from  a  convenient  support 

C.  Rub  the  suspended  rod  rapidly  with  the  silk  cloth 

D.  Bring  the  cloth  close  to  the  end  of  the  suspended  rod,  being  careful  not  to 
let  the  two  touch,  and  observe 

(NOTE:  Theory  says  that  when  the  glass  rod  is  rubbed  with  silk,  millions  of 
electrons  are  transferred  from  the  glass  to  the  silk.  Thus,  the  silk  will  have  a 
negative  charge  and  the  glass  will  have  a  positive  charge.) 

E.  Rub  the  suspended  rod  again  with  the  silk  cloth 

F.  Rub.the  other  rod  with  the  silk  cloth 

G.  Bring  the  second  rod  tip  close  to  the  suspended  rod's  tip  and  observe 

(NOTE:  When  electrons  are  removed,  the  protons  in  the  atoms  give  the 
glass  rods  a  positive  charge.  If  both  rods  are  positively  charged,  they  will 
repel  each  other.) 

H.  Touch  the  ends  of  the  rods  to  each  other 

I.  Bring  the  ends  of  the  two  rods  close  to  each  other  again  and  observe 

(NOTE:  If  charged  objects  touch  they  tend  to  neutralize  charges.  If  no 
charges  exist,  there  is  neither  attraction  nor  repulsion.) 
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THE  NATURE  OF  MATTER 
UNIT  I 


NAME 
TEST 


1 .  Match  the  terms  on  the  right  to  the  correct  definitions. 


Result  when  substances  are  together  but 
not  joined  chemically 


b.  Smallest  unit  of  matter 


c.  Positively  charged  elementary  particle  located 
in  the  nucleus 

d.  Basic  unit  of  a  compound 

e.  A    heavy,    uncharged    elementary  particle 
which  is  located  in  the  nucleus 

f.  Anything  that  occupies  space;  can  be*  solid, 
liquid,  or  gas 

g.  Lightest,  negatively  charged  elementary  par- 
ticle, which  orbits  around  the  nucleus 

h.  Matter  composed  entirely  of  identical  atoms 

i.  Result  when  atoms  of  different  elements 
are  joined  chemically 

J.  Particles  in  the  outer^nost  orbit  of  an  atom 
which  can  move  freely  from  one  atom  to  the 
next 

k.  An  excess  or  deficiency  of  electrons 
I.   An  electrically  charged  atom 


1.  Matter 

2...  Atom 

3.  Element 

4.  Compound 

5.  Molecule 

6.  Mixture 

7.  Electron 

8.  Proton 

9.  Neutron 

10.  Free  electrons 

11.  Ion 

12.  Charge 


2.  Select  the  particle  NOT  found  in  the  nucleus  of  an  atom  by  placing  an  "X"  in  the 
appropriate  blank. 


a.  Electron 

b.  Proton 

c.  Neutron 
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3. 


4. 


5. 


Distinguish  between  inner  and  outer  orbits  by  placing  an  "0"  next  to  descriptions  of 
outer  orbits. 

 a.   If  partially  filled,  contains  free  electrons 

 b.  Orbit  may  be  partially  filled 

 c.  Contains  no  free  electrons 

Describe  the  random  drift  of  electrons. 


Discuss  the  law  of  electrical  charges. 

Demonstrate  the  ability  to  create  and  observe  the  behavior  of  charges. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  jst,  ask  your  instructor 
when  it  should  be  completed.) 
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THE  NATURE  OF  MATTER 
UNIT  I 


ANSWERS  TO  TEST 


1.  a.     6      c.     8      e.     9      g.     7      i.      4      k.  12 
b-     2      d.     5      f.      1      h.     3     j.      10    I.      1 1 

2.  a  ■ 

3.  a,  b 

4.  Description  should  include: 

The  movement  of  an  electron  from  the  orbit  of  one  atom  to  the  orbit  of  another 
atom  occurring  naturally  with  no  controlling  force  applied 

5.  Discussion  should  include: 

a.  Like  charges  repel 

b.  Unlike  charges  attract 

6.  Performance  skills  evaluated J^/the  satisfaction  of *the' instructor. 
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SOURCESOF  ELECTRICAL  ENERGY 
UNIT  II 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  tc  correct  defini- 
tions and  match  energy  sources  to  devices?  that  transform  them  into  electrical  energy.  The 
student  should  also  be  able  to  use  and  test  batteries,  and  generate  electricity  with  magn^ 
tism,  pressure,  heat,  and  light.  This  knowledge  will  be  evidenced  by  correctly  performing  the 
procedures  outlined  on  the  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  the  terms  associated  with  sources  of  electrical  energy  to  the  correct  defini- 
tions. 

2.  Match  six  major  sources  of  electricity  to  the  proper  basic  action. 

3.  Match  energy  sources  to  devices  that  transform  them  into  electrical  energy. 

4.  Demonstrate  the  ability  to: 

a.  Use  and  test  batteries. 

b.  Generate  electricity  with  magnetism. 

c.  Generate  electricity  with  pressure. 

d.  Generate  electricity  with  heat. 

e.  Generate  electricity  with  light. 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II 


SUGGESTED  ACTIVITIES 


I.  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives, 
v.  Discuss  information  sheet. 

\     Vl.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

Vll.  Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

< 

C.  Transparency  masters 

1 .  TM  1  "Chemical  Action  Produces  Electricity 

2.  TM  2-Magnetism  Produces  Electricity 

3.  TM  3-Light  Produces  Electricity 

4.  TM  4-Heat  Produces  Electricity 

5.  TM  5-Pressure  Produces  Electricity 

6.  TM  6-FrictiDn  Produces  Electricity 

D.  Job  sheets 

1.  Job  Sheet  #1-Use  and  Test  Batteries 

2.  Job  Sheet  #2--Generate  Electricity  With  Magnetism 

3.  libb  Sheet  #3--Generate  Electricity  With  Pressure 

4.  Job  Sheet  #4"Generate  Electricity  With  Heat 

5.  Job  Sheet  #5--Gener3te  Electricity  With  Light 
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E.  Test 

F.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill,  1977. 

B.  Marcus,  Abraham.  5as/c  £/ecrron/cs.  Englewood  Cliffs,  NJ:  Prentice-Hall. 
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SOURCES  OF  ELECTRICAL  ENERGY  , 
UNIT  II 

INFORMATION  SHEET 

v> 

Terms  and  definitions 

A.  Battery  cell-Device  that  transforms  chemical  energy  into  electrical  energy 

B.  Electrolyte-Conducting  liquid  in  battery  in  which  ions  move 

C.  Energy-Capacity  to  do  work 

D.  Generator-Device  that  transforms  mechanical  energy  into  electrical  energy 

E.  :    Alternator-Generator  that  produces  alternating  current 

F.  Photoelectric  effect--A  method  of  transforming  light  energy  into  electrical 
energy 

G.  Thermocouple-Device  that  transforms  heat  energy  into  electrical  energy 

H.  Piezoelectric  effect-A  way  of  transforniing  pressure  into  electrical  energy 

I.  Magnet-Material  with  property  of  attracting  iron  and  producing  a  magnetic 
field  external  to  itself 

J.     Static  electricity-Stationary  charges  of  electricity 

K.     Hydrometer  An  instrument  that  determines  specific  gravity  of  a  f'uid 
L     Specific  gravity-The  density  of  a  liquid  compared  to  water 
Major  sources  of  electricity  and  basic  actions. 

A.  Chemical  source-Opposite  charges  produced  on  two  different  kinds  of 
cell  plates 

B.  Magnetic.  source-Moving  parts  with  magnet  which  generates  electricity 

C.  Light  source -Electrons  emitted  when  light  strikes  surface;  photoelectric 
effect 

D.  Heat  source-Two  dissimilar  metals  joined  together  when  heated ^ produces 
electricity 

E.  Pressure  source-Physical  distortion  of  small  crystal 

F.  Friction  source -Rubbing  two  objects  together 


INFORMATION  SHEET 

Energy  sources  and  devices  that  transform  them  into  electrical  energy 

A.  Chemical  soucfce  (Transparency  1) 

1.  Car  battery 

2.  Dry  cell 

(NOTE:  A  chemical  process  within  a  battery  causes  electron  flow  from 
the  anode  through  the  electrolyte  to  the  cathode.) 

B.  Magnetic  source  (Transparency  2) 

1.  Car  alternator 

2.  Water-powered  generator 

(NOTE:  Electricity  is  generated  when  there  is  relative  motion  betwe^ 
a  conductor  and  a  magnetic  field.)  / 

C.  Light  source  (Transparency  3)  / 

1.  Light  meter  •  I 

2.  Solar  cell  '  \ 

(NOTE:  Photoelectric  m.'  trials  create  electron  flow  when  exposed  t8| 
light.)  -  / 

D.  Heat  source  (Transparency  4)--Thermocouple  ^ 

(NOTE:  A  thermocouple  is  two  metals  made  up  of  different  materi^s  which 
produce  an  electric  voltage  when  exposed  to  a  source  of  heat.) 

E.  Pressure  source  (Transparency  5) 

1.  Phonograph  pickup 

2.  Microphone 

(NOTE:  Pressure  applied  to  certain  types  of  crystals  produce  electricity.  This 
is  called  a  piezoelectric  effect.) 

F.  Friction  source  (Transparency  6) 

1.  Nylon  car[)et  in  winter 

2.  Van  de  Graaff  generator 

(NOTE:  Friction  can  cause  a  static  charge  build  Uf)  which  produces  elec- 
tricity.) 


Chemical  Action  Produces  Electricity 


ERIC 


Magnetism  Produces  Elecliicitr 


rtofseshoe  Magnet  Through  a  Coil  of  Wire       Bar  Magnet  Through  a  Coil  of  Wire 


s  123 


Heat  Produces  Electricity 


Pressure  Produces  Electricity 

(Piezoelectric  Effect) 


Friction  Produces  Electricity 
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SOURCES  OF  ELECTRICAL  ENERGY 
•  UNIT  II 


JOB  SHEET  #1-USE  AND  TEST  BATTERIES 


Tools  and  materials 

A.  Multimeter  or  voltmeter 

B.  11/2  volt  battery 

C.  Automobile  battery  (with  accessible  cells) 

D.  Assorted  dry  cell  batteries  (such  as  camera  batteries  or  flashlight  batteries 
including  carbon-zinc,  alkaline,  nickel-cadmium,  and  silver  oxide) 

E.  1  1/2  volt  lamp 

F.  Hydrometer  ^ 
Procedure 

A.  Examine  the  assortment  of  dry  cell  batteries  and  note  the  physical  sizes  and 
the  voltage  markings,  if  any,  on  the  batteries 

B.  Discuss  whether  or  not  the  various  dry  cell  batteries  are  rechargeable 

C.  Connect  the  voltmeter  across  the  1  1/2  volt  battery;  then  read  and  re- 
cord the  voltage 

D.  Connect  the  1  1/2  volt  lamp  across  the  1  1/2  volt  battery,  then  with  the 
lamp  connected,  read  and  record  the  voltage 

E.  Disconnect  the  voltmeter  and  lamp  from  the  battery 

F.  Remove  a  cell  cover  from  the  automobile  battery 

G.  Carefully  withdraw  sufficient  electrolyte  from  the  battery  into  the  hydrom- 
eter to  cause  the  float  to  be  suspended 

(CAUTION:  The  electrolyte  is  an  acid.  Do  not  spill  on  your  skin  or  your 
clothes.) 

H.  Read  and  record  the  hydrometer  float  level 

I.  Discuss  the  meaning  of  the  float  level  with  your  instructor 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II 


JOB  SHEET  #2--GENERATE  ELECTRICITY  WITH  MAGNETISM 


I.      Tools  and  materials 

A.  Magnet  (preferably  a  bar  magnet) 

B.  Compass 

(NOTE:  A  galvanometer  or  voltmeter  can  be  used  for  the  compass.) 

C.  36  inches,  approximately,  of  hook-up  wire 
II.  Procedure 

A.  Wrap  about  four  turns  of  wire  around  yoiT  compass,  then  loosely  wrap 
the  rest  of  the  wire  around  the  bar  magnet 

B.  Wind  the  wire  so  that  the  ends  will  be  close  enough  to  be  connected 
(NOTE:  The  wire  forms  a  gontinous  loop.  See  Figure  1.) 


FIGURE  1 


C.  Move  the  magnet  out  of  the  "coil"  of  wire  and  observe  the  movement  of 
the  compass  needle 

D.  Move  the  magnet  back  into  the  coil  and  observe  the  movement  of  the 
compass  needle 

E.  Hold  the  magnet  still  and  move  the  wire  coil  while  observing  the  compass  ' 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II 

JOB  SHEET  #3--GENERATE  ELECTRICITY  WITH  PRESSURE 
Tools  and  materials 

A.  Phonograph  crystal  in  holder  with  needle 

B.  Voltmeter  or  galvanometer 
Procedure 

A.  Connect  the  voltmeter  or  galvanometer  to  the  phonograph  crystal  con- 
nections c 

V 

(NOTE:  Do  this  on  the  back  of  the  crystal  holder  away  from  the  needle 
end.) 

B.  Move  the  needle  slightly  with  your  finger  and  observe  the  meter 

(NOTE:  When  playing  a  record  the  needle  is  in  the  record  groove  which 
causes  movement  relating  to  the  recording.) 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II 

JOB  SHEET  #4-GENERATE  E LECTRICIT Y  WITH  HEAT 

I.       Tools  and  materials 

A.  18"  of  copper  wire  *' 

B.  18"  of  iron  wire 

C.  Galvanomet^'' or  voltmeter  . 

D.  Candle  and  matches 
I!.  Procedure 

A.  Strip  3"  of  insulation  from  each  end  of.  both  the  iron  and  cooper  Cvires 

B.  Connect  each  wire  to  the  galvanometer 

C.  Twist  tiqhtly  together  the  other  end  of  ^he  iron  anci  cof^per  wires 

D.  Light  the  candle  and  hold  the  twisted  iron-copper  "thermocouple"  over 
the  flame,  and  watch  the  meter  needle  Corefully 

(CAUTION:  Do  not  overheat  the  junction  of  the  two  wires.  Remove  from 
the  flame  from  time  to  time  and  let  cool  ) 

E.  Observe  the  meter  when  the  wires  are  heated  and  when  they  are  cooled 
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SOURCES  OF  ELECTR.CAL  ENERGY 
UNITIi  ,  ' 

JOB  SHEET  #5--GENERATE.ELECTRICITY  WITH  LIGHT 

Tools  and  materials 

A.  Photocell  or  solar  cell 

(NOTE:  A  photographer's  ligljt  meter  can  be  substituted.) 

B.  Galvanometer  or  voltmeter'and  connecting  wires 

C.  Flashlight  or  other  light  source 

'  '^e  of  black  cloth  ^  ^  « 

'  ProLcUure 

A.  Locate  the  output  connections  on  the  photocell 

B.  Connect  the  photocell  to  the  galvanometer 

C.  Cover  the  photocell  with  the  black  cloth  and  observe  the  meter 

D.  Uncover  the  photocell  and  observe  the  meter  (room  lighting) 

E.  Shine  the  flashlight  directly  into  the  photocell  and  observe  the  meter 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II  ' 


NAME 
TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


_a.  Generator    that   produces   alternating  cur- 
rent 


^b.  A  way  of  transforming  pressure  into  electrical 
energy 

^c.  Conducting  liquid  in  battery  in  which  ions 
move 

_d.  Stationary  charges  of  electricity 

_e.   Device    that    transforms    chemical  energy 
into  electrical  energy 

_f.   A    method    of   transforming   light  energy' 
into  electrical  energy 

_g.  Capacity  to  do  work 

_h.  Device   that   transforms   heat  energy  into 
electrical  energy 

J.    Device  that  transforms  mechanical  energy 
into  electrical  energy 

J.    Material  with  property  of  attracting  iron  and 
producing  a  magnetic  field  external  to  itself 

^k.  An    instrument    that    determines  specific 
gravity  of  a  fluid 

I.   The  density  of  a  liquid  compared  to  water 


1. 

2. 

3. 

4.  ^ 

5. 

6. 

7. 
8. 

9. 
10. 

11. 

12. 


Specific  gravity 

Electrolyte 

Energy 

Generator 

Alternator 

Photoelectric 
effect 

Thermocouple 

Piezoelectric 
effect 


Magnet 

Static  elec- 
tricity 

Battery  cell 

Hydrometer 


Match  the  major  source  of  electricity  on  the  right  with  the  proper  basic  action. 

1.  Chemical  source 

2.  Magnetic  source 

3.  Light  source 

4.  Heat  source 

5.  Pressure  source 

6.  Friction  source 


^a.   Electrons  emitted  when  light  strikes  surfaces- 
photoelectric  effect 

^b.  Physical  distortion  of  small  crystal 

c.  Opposite   charges   produced   on   two  dif- 
ferent kinds  of  cell  plates 


_d.  Moving  parts  with  magnet  which  generates 
electricity 
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_e.  Two  dissimilar  metals  joined  together  when 
heated  produces  electricity 

j.    Rubbing  two  objects  together 


Match  the  sources  of  energy  on  the  right  to  the  devices  that  transform  them  into 
electrical  energy. 

 a.   Light  meter  1.   Magnetic  source 

 b.  Thermocouple  2.   Pressure  source 


 c.  Van  de  Graaff  generator  3.   Friction  source 

 d.  Dry  cell  4.   Chemical  source 

 e.  Phonograph  pick-up  '  "  5.   Heat  source 

 f.   Car  alternator  6.   Light  source 

Demonstrate  the  ability  to: 

a.  Use  and  test  batteries. 

b.  Generate  electricity  with  magnetism. 

c.  Generate  electricity  with  pressure. 

d.  Generate  electricity  with  heat. 

e.  Generate  electricity  with  light. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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SOURCES  OF  ELECTRICAL  ENERGY 
UNIT  II 


ANSWERS  TO  TEST 


1. 

a. 

5 

e. 

11 

i. 

4 

b. 

8 

f. 

6 

j- 

9 

c. 

2 

g- 

3 

k. 

12 

d. 

10 

h. 

7 

1. 

1 

2. 

a. 

3 

d. 

2 

b. 

5 

e. 

4 

c. 

1 

f. 

6 

3. 

a. 

6 

d.^ 

4 

b. 

5 

e. 

2 

c. 

3 

f. 

1 

4.   Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


o 

ERIC 


BE 


CIRCUIT  FUNDAMENTALS 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  about  the 
relationship  of  charges  according  to  Coulomb's  law  and  true  statements  concerning  the 
relationship  of  voltage,  current,  and  resistance  according  to  Ohm's  law.  The  student  should 
also  be  able  to  identify  basic  elements  in  a  circuit  schematic  and  construct  a  basic  circuit 
from  a  schematic.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures 
outlined  in  the  job  sheet  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  circuit  fundamentals  with  their  correct  defini- 
tions. 

2.  State  Coulomb's  law. 

3.  Select  true  statements  about  the  relationship  of  charges  according  to  Coulomb's 
law. 

4.  Select  true  statements  concerning  the  relationship  of  voltage,  current,  and  resis- 
tance according  to  Ohm's  law. 

5.  Complete  a  chart  of  circuit  characteristics. 

6.  Match  basic  schematic  symbols  with  the  circuit  elements  they  identify. 

7.  Identify  basic  elements  in  a  circuit  schematic. 

8.  Complete  a  schematic  showing  current  flow. 

9.  Select  true  statements  about  open  and  closed  circuits. 

10.  Demonstrate  the  ability  to  construct  a  b    V:  circuit  from  a  schematic. 


ill 
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CIRCUIT  FUNDAMENTALS 
UNIT  I 


SUGGESTED  ACTIVITIES 


I.  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information  and  job  sheets. 

I I I.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  sheet. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 

VII.  Demonstrate  schematic  representations  and  actual  components. 

VIII.  Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1--Basic  Circuit  Elements-Power  Sources 

2.  TM  2-Basic  Circuit  Elements- Resistance  and  Load 

3.  TM  3--Basic  Circuit  Elements-Switches 

4.  TM  4--Schematic  Showing  Circuit  Elements 
5-  TM  5--Schematic  Showing  Current  Flow 

6.   TM  6-Schematics  Showing  Circuit  On-Off  Condition 

F.  Job  Sheet  #1--Construct  a  Basic  Circuit  from  a  Schematic 

G.  Test 

H.  Answers  to  test 


li2 


References: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill,  1977. 

B.  Jakobowitz,  Henry.  Electronics  Made  Simple.  Garden  City,  NY:  Doubleday 
&  Co.,  Inc. 

C.  Marcus,  Abraham,  and  Samuel  E.  Gendler.  Basic  Electronics.  Englewood 
Cliffs,  NJ:  Prentice-Hall,  1971. 
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CIRCUIT  FUNDAMENTALS 
UNIT  I 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A.  Charge-A  stored  quantity  of  electrical  energy 

B.  Attraction-The  force  that  causes  unlike  charges  to  move  to\ffard  each 
other 

C.  Repulsion--The  force  that  causes  like  charges  to  move  away  from  each 
other 

D.  Electrical  current--Tf-ie  movement  of  electrons 

E.  Simple  circuit--A  few  electrical  components,  connected  by  a  conductor, 
through  which  electrical  energy  can  flow 

Example:        A  battery,  switch,  and  lamp  connected  by  wire 

F.  Schematic-A  diagram  of  an  electrical  circuit  which  uses  symbols  for  elec- 
trical components 

G.  Voltage-Electrical  pressure  or  force  i,upplied  by  a  source  of  electricity,  such 
as  a  battery 

H.  Current--The  flow  of  electrons  through  an  electrical  circuit 

I.  Resistance-The  opposit  on  to  electrical  current  flow  including  the  wire  and 
all  component*;  in  a  circuit  which  absorb  energy 

J.      Load-  The  total  resisi        in  a  circuit;  this  determines  how  much  electrical 
eneigv  ih  .  pow^r  so     ^  niust  supply 

K.     Circuit  cor .^ur.or s  -A'ly  wires  which  connect  circuit  elements 

L.     Circuit  ."-ring  -Wires  used  in  an  electrical  circuit 

II.  Coulomb's  lav\- The  'o^c^  ol  attraction  or  repulsion  varies  directly  with  the 
amount  of  the  charges  arc;  inversely  with  the  square  of  the  distance  between  them 

(NOTE :  This  Ts  u\io  called  the  law     electrical  charges.) 

III.       Relationship  of  charges  ir;  Coulomb's  law 

A.     Like  charges  repel 

1.  A  positive  charge  repels  another  positive  charge 

2.  A  negative  charge  lepels  another  negative  charge 


INFORMATION  SHEET 

B.     Unlike  charges  attract 

1.  A  negative  charge  attracts  a  positive  charge 

2.  A  positive  charge  attracts  a  negative  charge 

IV.  Relationship  of  voltage,  current,  and  resistance  according  to  Ohm's  law  (E=IR) 

A.  If  voltage  is  held  constant 

1.  Increasing  resistance  decreases  current 

2.  Decreasing  resistance  increases  current 

B.  If  resistance  is  held  constant 

1.  Increasing  voltage  increases  current 

2.  Decreasing  voltage  decreases  current 

C.  If  current  is  held  constant 

1.  Increasing  resistance  increases  voltage 

2.  Decreasing  resistance  decreases  voltage 

V.  Circuit  characteristics 


Circuit  characteristics 

Symbol 

Source 

Unit  of  Measure 

'".  harge 

Q  or  q 

Electrons 

Coulomb 

V:;,tage* 

i 

E  or  e 
V  or  V 

Potential  differ- 
ence between 
two  unlike 
charges 

Volt 

Current 

1  or  i 

Number  of  elec- 
trons per  second 
moving  through 
the  circuit 

Ampere 

Resistance  (or  load) 
'  i 

R  or  r 
F  

The  opposition  to 
the  flow  of  current 
using  energy 

Ohm 

(*  E  and  e  are  Sometimes  used  for  generated  voltages  and  in  formulas.  V  and 
V  are  preferred.) 


Ii5 
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INFORMATION  SHEET 


VI.        Basic  circuit  elements  and  symbols 
A.     Power  sources  (Transparency  1) 
1.  Battery 


T- 

2.  Generator 


or  G 


3.  Transformer 


\ 


B.     Resistance  and  load  (Transparency  2) 


1.  Resistor 


2.  Lamp 


3.  Loudspeaker 


(NOTE:  All  wires  used  in  the  electrical  circuit  provide  a  certain  amount 
of  resistance  to  current.  Ail  the  devices  connected  to  the  circuit  to 
produce  light  or  heat  offer  resistance  to  current  flow.  This  is  called 
load.' 


EKLC 


He 


-c 

INFORMATION  SHEET 

C.     Circuit  switches  (Transparency  3) 
1.   Switch  open 


2.   Switch  closed 


(NOTE:   In  the  switch  open  position,  current  cannot  flow  through 
the  circuit.  In  the  switch  closed  position,  current  can  flow  through  the  ^ 
circuit.  These  are  hand  operated  switches.)  ^  : 

3.    Relay  open 


4.    Relay  closed 


(NOTE:  The  relay  open  and  relay  closed  are  electrically  operated 
switches.) 

D.'    Circuit  conductors  (wires) 

1 .  Conductor 


2.    Conductors  connected 


^1  ^ 
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INFORMATION  SHEET 


3.   Conductors  not  connected 


Vl  I.       Basic  elements  in  a  circuit  schematic  (Transparency  A) 

A.  Power  source 

(NOTE:  This  could  bt  a  battery,  generator,  transformer  or  power  supply.) 

B.  Conductors 

(NOTE:  This  is  usually  wiring.) 

C.  Loads 

(NOTE:  Resistors,  lamps,  and  loudspeakers  are  loads.) 

D.  Switches 

(NOTE:  This  includes  manual  switches  and  relays.) 
VIM.       Current  flow  schematic  (Transparency  5) 


C.     In  a  closed  circuit,  electrons  flow  from  the  negative  side  of  the  battery; 
through  the  closed  circuit,  and  return  to  the  positive  side  of  the  battery 


A 


Electrons  are  negatively  charged  particles 


B 


Electrons  move  toward^'a  positive  charge 


D 


Direction  of  current  flow  is  noted  with  directional  arrows 


IX. 


Open  and  closed  circuits  (Transparency  6) 


A.     Currerit  cannot  flow  in  an  open  circuit 


B.     Current  can  flow  in  a  closed  circuit 


lis 


Basic  Circuit  Elements 

Power  Sources 


Schematic 

Elemerjt  Picture  Symbol 
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Basic  Circuit  Elements 


Element 


Resistor 


Resistance  and  Load 


Picture 


Schematic 
Symbo! 


AA/V 


Lamp 


Loudspeaker 

Electrical 
Wires 

151 


Connected 


Nol 
Conqected 


00 

m 


1  r.^'f' 
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Element 


Basic  Circuit  Elements 

Switches 

Picture 


Schematic 
Symbol 


Hand-Operated 
Switch 


Relay 


Open 


Closed 


Schematic  Showing  Circuit  Elements 


Switch  (Open) 
(Manually  Operated) 


Power  Source  -__ 
(Battery)  — 


Load 
(Resistor) 


Conductor- 
(Wires  Connected) 


(t\  Load 
(Lamp) 


Schematic  Showing  Current  Flow 


Switch  Closed 


 O— —D  

Negative  -_ 

Positive  + 

t 

4/ 

The  Lamp 
(Load)  Is 
Energized 
(Glows) 


Electricity  flows  from  the  Negative  (-)  side  of  the  battery, 
through  the  closed  circuit,  back  to  the  Positive  (+)  side  of  the 
battery. 


Schematics  Showing  Circuit 
On-Off  Condition 


Open  Circuit  (Current  Cannot  Flow) 


-O-  ' — o- 


Closed  Circuit  (Current  Will  Flow) 
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CIRCUIT  FUNDAMENTALS 
UNIT  I 


J 


JOB  SHEET  #1-C0NSTRUCT  A  BASIC  CIRCUIT  FROM  A  SCHEMATIC 
Tools  oHci  materials 

A.  Power  supply  or  1-1  /2  vojt  battery 

B.  Bulb  #47,  or  see  your  teacher  for  proper  lamp  type 

C.  Sv/itch,  SPST 
Procedure 

A.    Wire  together  the  simple  circuit  in  Figure  1 
FIGURE  1 


Power  Supply 


B.     Have  the  instructor  check  for  proper  wiring  and  adjust  the  power  supply 


C.  Turn  the  switch  on  and  off  and  observe  that  the  bulb  lights,  then  goes 
off, 

(NOTE:  The  following  questions  may  be  used  for  discussion: 

1.  >  low  is  the  negative  terminal  of  the  battery  indicated  on  the  schematic 
in  Figure  1? 

2.  -Vhat  might  happen  if  the  power,  supply  were  connected  with  opposite 
I  olarity? 

3.  What  is  the  purpose  of  the  switch  in  the  circuit? 

4.  What  are  the  different  ways  of  connectinr  *     wires  to  the  three  elec- 
trical components?) 

D.  Return  tools  and  materials  to  proper  storage  area 


o 


voltage. 
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CIRCUIT  FUNDAMENTALS 
UNIT  I 


NAME 


TEST 


1.   Match  the  terms  on  the  right  with  the  correct  definitions. 

 a-  The  flow  of  electrons  through  an  electrical 

circuit 


_^b.  The  force  that  causes  unlike  charges  to  move 
toward  each  other 

_c.  A  few  electrical  components,  connected 
by  a  conductor,  through  which  electrical 
energy  can  flow 


_d.  A  stored  quantity  of  electrical  energy 


_e.  The  force  that  causes  like  charges  to  move 
away  from  each  other 

_f.  The  opposition  to  electrical  current  flow 
including  the  wire  and  all  components  in  a 
circuit  which  absorb  energy 

_g.  The  total  resistance  of  a  circuit;  thir  deter- 
mines Ij^w  much  electrical  energy  the  power 
source  must  supply  • 

_h.  A  diagram  of  an  electrical  circuit  which  uses 
symbols  for  electrical  components 

_i.  Electrical  pressure  or  force  supplied  by  a 
source  of  electricity,  such  as  a  battery 

J.    The  movement  of  electrons 

^k.  Any  wires  which  connect  circuit  elements 

J.    Wires  used  in  an  electrical  circuit 


1.  Charge 

2.  Attraction 

3.  Repulsion 

4.  Electrical 
current 

5.  Simple  circuit 

6.  Schematic 

7.  Voltage 

8.  Current 

9.  Resistance 

10.  Load 

1 1.  Circuit  wiring 

1 2.  Circuit  conductors 


2.  State  Coulomb  s  law. 
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3.  Select  true  statements  about  the  relationship  of  charges  according  to  CoL.'r-rr.ij  s 
law  by  placing  an  "X"  in  the  appropriate  blanks. 

'  a.  Like  charges  repel 

 b.  Unlik&charges  repel 

 c.  A  positive  charge  attracts  another  positive  charge 

 d.  A  negative  charge  repels  another  negative  charge 

 e.  A  positive  charge  attracts  a  negative  charge 

 f.  A  negative  charge  repels  a  positive  charge 

4.  Select  true  statements  concerning  the  relationship  of  voltage,  current,  and  resistance 
according  to  Ohm's  law  by  placing  an  "X"  in  the  appropriate  blanks. 

 a-  If  voltage  is  held  constant,  increasing  resistance  decreases  current 

 b.  If  voltage  is  held  constant,  decreasing  resistance  increases  current 

 c.  If  resistance  is  held  constant,  increasing  voltage  decreases  current 

 d.  If  resistance  is  held  constant,  decreasing  voltage  decreases  current 

 e-  If  current  is  held  constant,  increasing  resistance  increases  voltage 

 f-  If  current  is  held  constant,  decreasing  resistance  increases  voltage 

5.  Complete  the  following  chart  of  circuit  characteristics. 


Circuit  Characteristics 

Symbol 

Source 

Unit  of  Measurement 

Charge 

Q  or  q 

a. 

Coulomb 

Voltage 

b. 

Potential  differ- 
ence between 
two  unlike 
charges 

c. 

Current 

1  or  i 

d. 

e. 

Resistance  (or  load) 

f. 

The  opposition  to 
the  flow  of  cur- 
rent using  energy 

Ohm 
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6.   Match  the  schematic  symbols  on  the  right  with  the  circuit  elements  they  identify. 

.        '        *  I  + 

 a.   Resistor  1.  ~ 

T  _ 

 ^b.  Conductors  not  connected 

 c.  Lamp  ^' 

  d.  Generator 

■   .  3. 

 e.  Transformer 

 T.  Relay  open  4. 


m.  Conductor 


or  (G 


_g.  Relay  closed 
_h.  Switch  closed 
_i.    Loudspeaker  .  g 


J.    Switch  open 

_k.  Conductor  connected  ^' 
1.  Battery 


8. 


9. 


10. 


11. 


12. 


13. 


or 


ERIC 
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7.   Identify  basic  elements  in  the  circuit.schematic. 

a.   

b.   ' 

c.  '   

d.  


(51 


8.  Complete  a  schematic  showing  current  flow  by  adding  the  correct  directional  arrows  to 
the  schematic  below.  \ 


o- 


0 


9.  Select  true  statements  about  open  and  closed  circuits  by  placing  an  "X"  in  the  appro- 
priate blanks. 

 a.   Current  can  flow  in  an  open  circuit 


b.  Current  cannot  flow  in  a  closed  circuit 


c.  Current  can  flow  in  a  closed  circuit 

'J 

d.  Current  cannot  flow  in  an  open  circuit 


10,   Demonstrate  the  ability  to  construct  a  basic  circuit  from  a  schematic. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your  instructor 
when  it  should  be  completed.) 
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CIRCUIT  FUNDAMENTALS 
UNIT  I 


ANSWERS  TO  TEST 


1.  a.     8     c.     5     e.     3     g.     10    i.      7      k.  12 
b.     2      d.     1      f.      9     h.     6      j.      4      I.  11 

2.  The  force  of  attraction  or  repulsion  varies  directly  with  the  amount  of  the  charges  and 
inversely  with  the  square  of  the  distance  between  them 

3.  a,  d,  e  ' 

4.  a,  b,  d,  e 

5.  a.  Electrons 

b.  E  or  e;  V  or  v 

c.  Volt 

d.  Number  of  electrons  per  second  moving  through  the  circuit 

e.  Ampere 

f.  R  or  r 

6.  a.  4      d.     2      f.     9      h.     8     j.      7      I.  1 

b.  13    e.     3      g.     10    i.      6      k.     12    m.  11 

c.  5 

7.  a.     Power  source 

b.  Switch 

c.  Conductor 

d.  Load  (lamp) 

e.  Load  (resistor) 

8.  Arrows  should  move  from  negative  terminal  up,  to  the  right,  and  back  to  the  positive 
terminal 


9.   c,  d 


10    Performance  skill  evaluated  to  the  satisfaction  of  the  instructor 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 

UNIT  OBJECTIVE 

After  completion  of  t/iis  unit,  the  student  should  be  able  to  select  true  statements  about 
cleaning  before  and  after  soldering,  wire  stripping  and  tinning,  an  ^  soldering  procedures,  and 
match  types  of  poor  solder  connections  with  their  causes.  The  student  should  also  be  able  to 
strip  and  tin  wire,  solder  wires  to  various  terminals,  splice  wires  togother  by  soldering  and 
crimping,  and  connect  ends  of  printed  wiring.  This  knowledge  will  be  evidenced  by  correctly 
performing  the  procedures  outlined  on  the  job  sheets  and  by  s  oring  85  percent  on  the  unit 
test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  ab'e  to: 

1.  Match   terms  associated   with   soldering   and   circui"  fabrication  with  their 
definitions. 

2.  Match  soldering  tools  and  materials  with  their  uses. 

3.  Select  true  statements  about  cleaning  before  and  after  soldering. 

4.  Select  true  statements  about  wire  stripping  and  tinning. 

5.  Select  true  statements  about  soldering  procedures. 

6.  Select  characteristics  of  a  good  solder  connection. 

7.  Match  types  of  poor  solder  connections  with  their  causes.  ^' 

8.  Name  types  of  soldered  connections  for  degrees  of  mechanical  security  required 
prior  to  soldering.  ' 

9.  Demonstrate  the  ability  to: 

a.  Strip  and  tin  wire  for  soldereo  connections. 

b.  Solder  wires  to  tur  jt  terminals,  then  de-solder  wires. 

c.  Solder  wire  to  a  terminal  strin. 

d.  Repair  a  printed  circuit  board  by  replacing  resistors  and  correcting  open 
or  broken  lands. 

e.  Splice  wires  together  by  means  of  soldering  and  crimping  (flat  cable). 

f.  Connect  ends  of  flexible  printed  wiring  (flat  cable). 
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SOLC  -  lING  AND  CIRCUIT  FABRICATION 
UNIT  II 


SUGGtoTED  ACTIVITIES 

I.       Provide  studr,  ^  with  objective  sheet. 
II.       Provide  students  with  information  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  sheet. 

VI.       Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VI..      Take  tour  of  local  electronic  circuit  fabrication  shop  to  observe  assembly-line 
circuit  fabrication  techniques. 

Vli;.       Give  test. 

INSTRUf-IONAL  MATERIALS 

I.       Included  in  thi^  unit: 

A.  Objective  sheet 

B.  Inform^.ti.on  sheet 

C.  I  ransparer.cy  masters 

1.  rM  1--Typica'  Soldering  Tools 

2.  TM  2-Typical  Soldering  Tools  (Continued) 

3.  TM  3--W'  e  otripoing 

A.  TM  4-Proper  Soldering  Technique 

5.  TM  5--A  Good  Solder  Joint 

6.  TM  6-Poor  Solder  Connections 

7.  TM  7-Appearance  and  Cause  of  Poor  Solder  Joints 

8.  TM  8--Soldered  Connections-No  Mechanical  Security  Prior  to  Soldering 

9.  TM  9-Soldered    Connections-With  Mechanical    Security  Prior  to 
Soldering 


EKLC 
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D.  Job  sheets 

1 .  Job  Sheet  #1  -Strip  and  Tin  Wires  for  Soldered  Connections 

2.  Job  Sheet  #2- Solder  Wires  to  Turret  Terminals,  Then  De-Solder 
Wires 

3.  Job  Sheet  #3-Solder  Wires  to  a  Terminal  Strip 

4.  Job  Sheet  #4-Repair  a  Printed  Circuit  Board  by  Replacing  Resis- 
tors and  Correcting  Open  or  Broken  Lands 

5.  Job  Sheet  #5-Splice  Wires  Together  by  Means  of  Soldering  and 
Crimping  (Flat  Cable) 

6.  Job  Sheet  #6-Connect  Ends  of  Flexible  Printed  Wiring  (Flat  Cable) 

E.  Test 

F.  Answers  to  test 
References: 

A.  AWS  Committee  .n  Brazing  and  Soldering,  Soldering  Manual.  2nd  ed.,  re- 
vised.   Miami,  r'L:    American  Welding  Society,  Inc.,  1978. 

B.  Manko,  Howjrd  H.  Solders  and  Soldering.   New  York:  McGraw-Hill  Book 
Co.,  1964. 

C.  Herrick,  C.    Electronic  Assembly  Techniques.    Milwaukie,  OR:  Hickock 
Teach'ng  Systems,  Inc.,  1970. 

D.  Schlabach,  T.D.  and  Rider,  D.K.  Printed  and  Integrated  Circuitry.  New 
York:    McGraw-Hill  Book  Co.,  Inc.,  1963. 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Oxides-Films  anc  .-ijuiities  which  form  on  the  surface  of  metals  when 
exposed  to  air  or  water  and  which,  if  not  cleaned  off,  will  prevent  a  good 
bond  between  the  surfaces  and  solder 

B.  Rosin-A  material  obtained  from  pine  trees  which  is  used  during  soldering  to 
help  ensure  a  good  bond  between  the  solder  and  the  metal  surfaces 

C.  Wetting-The  ability  of  molten  solder  to  flow  over  and  fuse  completely 
with  the  metal  surfaces  to  which  it  is  applied 

(NOTE:  Dirt,  grease,  and  oxides  prevent  good  wetting  during  soldering.) 

D.  Stripping-Removing  insulation  from  electrical  conductors 

E.  Tinning-The  application  of  a  small  amount  of  solder  to  surfaces  to  be 
soldered  to  help  ensure  good  wetting  during  soldering 

F.  Flux-A  liquid  or  solid  which  when  heated  cleans  and  protects  surfaces 
to  be  soldered 

G.  Crimping-Applying  mechanical  pressure  to  compress  a  sleeve-type  or  cup- 
type  electrical  terminal  to  ensure  a  good  electrical  connection  between  the 
sleeve  and  the  conducting  wires  it  contains 

H.  Land-Printed  wiring  attached  to  the  surface  of  a  printed  circuit  board 
Soldering  tools  and  materials  and  their  uses  (Transparencies  1  and  7) 

A.  Soldering  iron,  100  watt-For  soldering  large  electrical  connections 

B.  Soldering  pencil,  1Q  to  35  watts-For  solCr-^ng  small  electrical  connections 

C.  Soldering  gun,  100  watts-.f^or  soldering  large  electrical  connections  where 
better  heat  control  is  required 

D.  Resistance  soldering  unit--For  soldering  many  connections  in  close  spaces 

E.  Heat  sink--For  drawing  heat  from  soldered  connection  to  prevent  damage 
to  components 
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INFORMATION  SHEET 


F.  Component  lead  cleaner--For  removing  oxides  and  other  films  from  com- 
ponent leads 

G.  Typewriter  eraser--For  removing  oxides  and  other  films  from  terminals 
to  be  soldered 

H.  Isopropyl  alcohol-For  removing  oil,  grec.e,  and  fiux  from  conductors 
and  terminals  both  before  and  after  soldering 

I.  Mechanical  wire  strippers-For  cutting  and  pulling  insulation  from  ends  of 
conductors 

J.  •  Thermal  wire  strippers--For  removing  wire  insulation  by  heating  and  melting 
the  material;  prevents  removing  wire  strands,  but  cannot  be  used  on 
insulation  that  will  not  melt,  such  as  glass  braid  or  asbestos 

K.  Solder-For  making  electrical  connections;  most  common  type  is  60/40 
rosin-core  solder  containing  60%  tin  and  40%  lead,  with  a  center  core  of 
rosin  flux  to  allow  simultaneous  application  of  both  solder  and  flux 

L.  Long  nose  and  needle  nose  pliers-For  making  mechanical  connection  prior 
to  solderinq;  may  also  be  used  as  heat  sink  during  soldering 

M.    Diagonal  cutting  pliers--For  cutting  conductors 

N.    Soldering  iron  stand--For  supporting  a  hot  soldering  iron  when  not  in  use 

0.  Soldering  vise-For  clamping  and  holding  a  printed  circuit  board  or  other 
component  during  soldering  or  other  repair  operations 

P.     Flux-For  ensuring  a  good  electrical  ccnnectiorj  by  cleaning  and  wetting  all 
^  surfaces  during  soldering;  not  required  if  the  solder  contains  a  rosin  core 

Q.    Adjustable  power  source--For  controlling  soldering  iron  tip  temperature 

(NOTE:  Variac  is  a  commonly  used  adjustable  power  source.) 

R.  Crimping  tool-For  making  a  strong  mechanical  connection  to  certain  sleeve- 
type  terminals 

S.  Spaghetti-sleeve  insulation- For  preventing  electrical  connections  from 
becoming  shorted  to  adjacent  connections 

T.     Solder  sucker-For  removing  melted  solder  from  a  terminal  to  be  resoldered 

(NOTE:  There  are  many  different  brands  available  including  Soldawick 
and  Soldavac,  etc.) 
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INFORMATION  SHEET 

U.     Heat  shrink  insulation-  Sleeve-type  insulation  which,  when  heated,  shrinks  to 
form  a  snuq  fit  over  a  soldered  connection. 

Cleaning  before  and  after  soldering 

(CAUTION:  Use  safety  goggles  or  glasses  when  soldering.) 

A.  Oil,  grease,  and  dirt-Wipe  with  isopropyl  alcohol  and  clean  cloth 

B.  Old  solder-Heat  with  soldering  iron,  and  wick  away,  or  suck  up  by  means  of 
a  solder  sucker 

C.  Oxides 

1.  Component  leads-Use  component  lead  cleaner 

2.  Terminals-Use  typewriter  eraser 

D.  Rosin  flux-Wipe  or  brush  with  isopropyl  alcohol  or  other  flux  cleaner 

(CAUTION:  Use  alcohol  only  in  well-ventilated  spaces  and  do  not  permit 
open  flames  in  the  vicinity.) 

Stripping  and  tinning  (Transparency  3) 

A.  Make  clean  cut  at  wire  end  by  cutting  off  small  length        <i\.-,unn^  .utting 
pliers 

B.  Lay  wire  in  proper  size  slot  of  wire  strippers  and  strip   :hj^gmi.      y  one 
inch  of  insulation  from  wire  end 

(CAUTION:  If  too  small  a  slot  in  the  wire  str-jppers  is  use  '^r  ^  pping,  the 
stripper  will  cut  off  some  of  tfie  wire  strands.  This  c  .  result  in  an 
electrical  connection  of  higher  resistancn  than  desirable.) 

C.  Care  must  be  taken  not  to  remove  wire  strands  vl  en  stripping 

D.  If  wire  strands  hc  v  •  oocn  separated,  gently  re-twist  wire  in  same  direction  as 
original  .wist 

E.  After  stripping,  clean  the  wire  strands  with  isopropyl  alcofiol  and  paper 
towel 

F      Placr'  heat  si      on  wire  scrands  immediately  aojacent  to  wire  insulation 
before  tinnina 

G.     T'n  soluerinc  ir  jn  tip  as  folic  s: 

1.  Plucj  in  unit  ?  d  alljw  it  to  heat  up 

2.  Wipe  tip  kA/ith  p^per  towel  or  wet  sponge 
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3.   As  soon  as  tip  will  melt  solder,  coat  tip  with  solder;  vvuy  off  excess 

H.  If  rosin-core  solder  will  not  be  used,  wipe  small  amount  of  li  -/ild  or  paste 
rosin  flux  on  bare  strands  of  stripped  wire 

I.  Set  hot  soldering  iron  in  holder  or  vise 

J.  Melt  small  bead  of  solder  on  iron  tip  and  slowly  draw  ba^^e  Vwire  through 
solder  bead  from  heat  sink  toward  wire  end;  apply  aduit.onal  solder  as 
needed 

(CAUTION:  After  the  wire  has  been  tinned,  the  outline      the  wire  stranci 
should  still  be  visible.  If  Ihey  are  not,  too  much  solder  nas  b'^.?n  app!^<^j.1. 
Reheat  wire  and  wipe  off  excess  solder.  If  some  strands  are  sti'l  'oose,  t^.^ 
little  solder  has  been  applied.  Reheat  wire  and  apply  o-j-^itioi  :!  solo.  .) 

K.     Remove  heat  sink  from  tinned  wire 

L.  After  solder  has  cou.jd,  clean  the  tinned  wire  with  isopropyl  3' :ohol  and 
n'^per  tov/el 

Soldering  procedure  (Transparency  4) 

A.  Clean  all  surfaces  to  be  soldered 

B.  Strip  u\^d  tin  wires  to  be  soldered 

C.  It  electrical  connection  is  to  be  insulated,  slide  approximately  one-inch 
length  of  spaghetti  insulation  onto  the  tinned  wire 

D.  If  possible,  mechanically  conr<ect  tinned  wire  '.o  ^e^minal  or  lug  by  means  of 
long  nose  or  needh  nose  pliers;  make  sure  Oim.t-'.-  between  terminal  and 
wire  insulation  is  no  more  than  1/32  to  1/8  incr.,  depending  on  wire  gauge 

E.  If  mechanical  ccr-nection  is  not  posbiole,  make  sine  component  to  be 
soldered  is  heid  •  ationary  in  vise  or  clamp  to  pre\  t  movement  during 
soldering 

F.  Select  proper  soldc  ring  iron  for  the  job,  deperM^ng  on: 

1 .  Size  of  connection 

2.  Heat  sensitivity  of  components 

3.  Prox'-mity  of  other  connections  and  wires 

G.  Heat  ana  tin  the  soldering  iron 

Attacfi  hr  jt  sink  as  close  as  ()Ossible  to  connection  without  interfering  with 
soldering  operation 
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I.  If  rosin-core  solder  is  not  to  be  used,  brush  small  amount  of  rosin  flux  on 
terminal  • 

J.  While  making  sure  that  no  part  of  the  connection  moves,  apply  hot  iron 
tip  to  terminal  and  wire,  and  apply  solder  to  wire,  component,  or  terminal 
lead;  remove  iron  tip  and  solder  as  soon  as  solder  has  flowed  freely  over, 
around,  and  through  the  connection 

K.    After  solder  has  cooled,  clean  connection  with  isopropyl  alcohol 

L.     If  connection  is  to  be  insulated,  slide  spaghetti  sleeving  over  connection 

M.    If  applicable,  remove  component  from  vise  or  clamp 

VI.       Characteristics  of  a  good  solder  connection  (Transparency  5) 

A.  Silvery,  shiny  appearance  to  solder  surface 

B.  Good  wetting  of  solder  to  surfaces 

C.  Solder  completely  covers  connection,  but  contour  of  connection  is  still 
visible 

J       D.  Insulation 

1 .  No  burnt  areas 

2.  No  damaged  insulation 

3.  Gap  between  insulation  and  connection  is  approximately  the  dia- 
meter of  the  wire  insulation 

E.  No  spilled  solder 

F.  No  pits  or  holes  in  solder  surface 

VII.      Types  of  poor  solder  connections  and  causes  (Transparencies  6  and  7) 

A.  Cold  solder  joint  -Insufficient  heat 

B.  Disturbed  joint -Connection  moved  before  solder  solidified 
C  Excessive  solder-  Too  much  solder  applied 

D.  Insufficient  solder-  Too  little  solder  applied 

E.  Dewetted  solder  joint-Insufficient  electing  or  insufficient  use  of  flux 

F.  Burnt  insulation  -Excessive  heat  or  carelessness  with  iron 
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G.  Insulation  damage-Excessive  heat  applied,  excessive  iron  application  time, 
or  lack  of  heat  sink 

H.  Rosin  solder  joint-Excessive  rosin  or  insufficient  heat 
.  I.     Solder  short-Excessive  solder  or  carelessness 

VIII.       Types  of  soldered  connections 

A.  No  mechanical  connection  prior  to  soldering  (Transparency  8) 

1 .  Butt  connections  (no  mechanical  security) 

a.  Wire-to-wire 

b.  Flat-to-flat 

(NOTE:  Butt  connections  are  used  rarely  in  electrical  circuits.) 

2.  Lap  connections  (no  mechanical  security) 

a.  Wire-to-wire 

b.  Wire-to-flat 

c.  Flat-to-flat 

d.  Wire-to-post 

e.  Wire-to-cup  or  sleeve 

f.  Wire-to-hole 

B.  Partial  mechanical  connection  prior  to  soldering  (Transparency  9) 

1 .  Wire-to-hook 

2.  Wire-to-flat  lug 

3.  Wire-to-turret  or  post 

C.  Full  mechanical  connection  prior  to  soldering  (Transparency  9) 

1 .  Wire  spliced  to  wire 

2.  Wire  to  flat  lug 

3.  Wire  to  turret  or  post 

4.  Wire  to  crimp  sleeve 
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Typical  Soldering  Tools 
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Typical  Soldanng  Tools 

(Continued) 


Long  Needle  Nose  Pliers^ 


Long  ChainlMose  Pliers 


rician's  Standard  Size 
ng  Pliers 


Diagonal  Cutting  Pliers 


Component  Lead  <ileaner 


177 


Typewriter  Eraser  Used  To  Mechani- 
cally Clean  Parts  To  Be  Soldered 

'  178 
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Wire  Stripping 


With  Wire  In 
Proper  Slot, 
Separate  Insulation 
About  1/4" 


Using  Slight  Twisting 
Action  To  Keep  Strands 
Intact,  Remove 
Insulation  From  Wire 
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Proper  Soldering  Technique 


(3)  Apply  Solder  (Rosin 
Core)  To  Wire  Or 
Lug  --  Not  To 
Iron  Tip 


(1)  Attach  Heat  Sink 
To  Wire  To  Protect 
Insulation 


(2)  Apply  Hot  Iron  Tip 
To  Lug  Or  Terminal 


(4)  Remove  Hot  Iron  And  Solder 
,    As  Soon  As  Solder  Has  Flowed 
Freely  Through  And  Around 
The  Connection 
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A  Good  Solder  Joint 


Shiny  Surface  Indicates 
Use  of  Sufficient  Heat 


Gaps  Between 
Ider  and  Metal 
rface  Indicates  Use 
Sufficient  Heat 
j  Flux 


Convex  Angle  of  Solder 
Bead  Shows  Good  Wetting 


Continuous  Flow  Over  Full 
Surface  Shows  Good 
Wetting 
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Poor  Solder  Connections 


Insulation  Danriage 


Solder 
Spill 
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ni  _  .  ,  ,  7>^  Insufficient  Wi»'e  Wrao 
Damaged  Insulation  ^ 


Excess  Solder 


Excessive  lns'j?oiion 
Clearance 


Insufficient 
Insulation  Clearance 


nsufficient  Solder 
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Appearance  and  Cause 
of  Poor  SolderJoints 


f  ■ 

Type  Problem 

Annearancs 

Cause 

Cold  Joint 

1 

Dull  Silver  Color;  Poor  Flow 

Insufficient  Heat 

Disturbed  Joint 

Chalky  or  Crystallized;  Poor  Bond 
Between  Solder  and  Surface 

Connection  Moved  Before 
Solder  Solidified 

Dewetted  Joint 

Solder  in  Globular  Form;  Poor 
Bond  at  Interface 

Insufficient  Cleaning 
Insufficient  Use  of  Flux 

Burnt  Insulation 

Insulation  Melted  or 
Blackened 

Excessive  Heat 
Carelessness  With  Iron 

Insulation  Damage 

End  of  Insulation  Melted,  ; 
Lifted,  or  Curled 

Excessive  Heat 
Excessive  Application  Time 
Lack  of  Heat  Sink 

Rosin  Joint 

Rosin  Residue  on  Surface  or 
In  Joints  of  Connection 

Excessive  Rosin 
Insufficient  Heat 

Solder  Short 

Solder  Bridges  to  Adjacent 
Connection  or  to  Ground 

Excessive  Solder 
Carelessness  When 
Applying  Solder 
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Soldered  Connections 

No  Mechanical  Security  Prior  to  Soldering 


Butt  Connections 
are  Seldom  Used 
in  Electrical  Work 

*These  Connections 
Require  a  Fixture 
to  Prevent  Move- 
ment During 
Soldering 


Butt  Connections* 


Wire-To-Wire** 


Flat-To-Flat** 


Lap  Connections 


Wire-To- Wire** 


Flat-To-Flat 


Wire-To-Post 


Wire-To-Cup  or 
Sleeve 


Wire-'To-Hole 
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_  Soldered  Connections 

With  Mechanical  Security  Prior  to  Soldering 


Partial  Mechanical  Security 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 

JOB  SHEET  #1-STRIP  AND  TIN ^Vl RES  FOR 
SOLDERED  CONNECTIONS 

Materials  required 

A.  Soldering  iron 

B.  60/40  rosin  core  solder  (18  ^auge) 

C.  Soldering  iron  holder  \ 

D.  Mechanical  wire  strippers 

E.  10  feet  of  22-gauge  stranded  wire 

F.  Acid  brush 

G.  Wire  stripper 

H.  Heat  sink 
Procedure 

A.  Plug  soldering  iron  into  AC  outlet 

B.  As  soon  as  the  tip  is  hot,  tin  the  iron  tip;  remove  excess  solder  with  a  clean 
rag  or  paper  towel 

C.  Cut  wire  into  8-inch  lengths 

D.  Using  mecho/iical  wire  strippers,  strip  about  one  inch  of  insulation  from  eacr 
end  of  each  wire  length 

E.  Clean  stripped  wire  ends  with  isopropyl  alcohol  and  cle5n  .  ioth 

F.  Gently  twist  wire  ends  in  direction  of  strand  twist  so  that  strands  do  n  :t 
separate  * 

G.  Place  heat  sink  on  stranded  wire  end  as  close  as  [)ossible  to  end  of  vvirf 
insulation 

H.  Place  wire  end  on  heated  iron  tip  and  dp\^\\'  solder  until  solder  ^^'^'lv  flo-vs 
among  all  wire  strands;  remove  wire  and  solder 

I.  Remove  heat  sink 

J.     Clean  tinned  wire  using  isopropyl  alcohol  afni  acid  hrush 
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JOB  SHEET  #1 


K.  Check  that  excessive  solder  has  not  been  applied  (outline  of  all  strands 
should^  be  visible  through  the  solder)  and  that  wire  insulation  shows  no 
evidehce  of  burning  or  wicking 

L     Repeat  tinning  operation  until  all  wire  ends  have  been  tinned 
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.    SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 

JOB  SHEET  #2--S0LDER  WIRES  TO  TURRET  TERMINALS,  THEN 

DE-SOLDER  WIRES 

I.       Materials  required 

A.  Variac,  for  controlling  soldering  iron  temperature  (optional) 

B.  Soldering  iron 

Vise,  for  holding  the  terminal  hoard  during  soldering 

D.  ^at  sink 

E.  Wire  strippers  *  . 

F.  Long  nose  or  needle  nose  pliers 

G.  Rosin-core  solder  (22-gauge) 

H.  Isopropyl  alcohol 

I.  Acid  brush 

J.      Bakelite  board  with  two  turret  terminals  mounted  on  it  approximately 
four  inches  apart 

K.    Two  8-inch  lengths  of  22-gauge  stranded  wire,  stripped  and  tinned  in 
accordance  with  Job  Sheet  #1 

II.  Procedure 

A.  Secure  bakelite  board  in  vise  so  that  terminals  are  accessible  for  soldering 

B.  Plug^in  soldering  iron  C 
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JOB  SHEET  #2 


Using  pliers,  form  end  of  one  wire  around  lower  guide  slot  of  one  turret 
terminal  as  shown  in  Figure  1 


FIGURE  1 


Upper 
Guide  Slot 


Lower 
Guide  Slot 


Insulation 
Clearance 


(NOTE:  Figure  1  shows  the  wire  wrapped  180'  around  the  turret  terminal. 
If  desired,  the  wire  may  be  yvrapped  360'  around  the  terminal  to  make  a 
more  secure  mechanical  connection  prior  to  soldering.  However,  this  may 
require  stripping  and  tinning  a  longer  length  of  the  wire  end.) 

Attach  heat  sink  to^wire  insulation  as  close  as  possible  to  wire  and  without 
interfering  with  soldering  operation 

Using  soldering  iron  and  rosin  core  solder,  solder  wire  to  terminal 
Remove  heat  sink 

Clean  soldered  connection  with  isopropyl  alcohol  and  clean  cloth  or  acid 
brush 

Check  that  soldered  connection  is  correct 

bolder  opposite  end  of  wire  to  lower  guide  slot  of  second  terminal  in  same 
manner  (steps  C  through  H) 

Solder  second  length  of  wire  to  upper  guide  slots  of  terminals  in  same 
m^nnpr  (^teps  C  through  H) 

De-solder  all  connections  ^s  follows: 

1 .  Apply  hot  iron  tip  to  terminal  to  melt  solder,  and  pry  wire  off  terminal 

2.  While  still  applying  hot  iron  tip,  remove  solder  with  a  brush  or  solder 
sucker 


3.   Clean  de-soldered  terminal  with  isopropyl  alcohol  and  clean  cloth 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 


JOB  SHEET  #3--S0LDER  WIRES  TO  A  TERMINAL  STRIP 

Materials  required 

A.  Soldering  iron^ 

B.  Vise,  for  holding  the  terminal  strip  during  soldering 

C.  Heat  sink 

D.  Chain  or  needle  nose  pliers  ^ 

E.  Rosin-core  solder  (22-gauge) 

F.  Isopropyl  alcohol  .  ^  / 

G.  Typewriter  eraser 

H.  Acid  brush 

I.  Mounting  strip  with  five  or  more  terminals 

J.     Five  8-inch  lengths  of  22-gauge  stranded  wire,  stripped  and  tinned  in 
accordance  with  Job  Sheet  #1 

Procedure 

A.  Clean  terminals  of  oxides  by  means  of  typewriter  eraser,  and  of  dirt  and 
grease  by  means  of  isopropyl  alcohol  and  clean  cloth 

B.  Secure  terminal  strip  in  vise 

C.  Plug  in  soldering  iron 

D.  Using  pliers,  mechanically  attach  tinned  wire  to  first  terminal;  make  sure  end 
of  insulation  is  approximately  1/16-inch  from  soldered  connection 

(NOTE:  It  may  be  necessary  to  cut  off  excess  wire  so  that  the  distance 
between  the  insulation  and  the  connection  is  correct.) 

E.  Attach  heat  sink  to  wire 

F.  Solder  wire  to  terminal 

G.  Remove  heat  sink 

H.  Clean  soldered  terminal  by  means  of  isopropyl  alcohol  and  acid  brush 
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Check  that  soldered  connection  is  correct  and  that  insuio    n  is  not  burned 

Repeat  steps  D  through  I  for  the  other  four  connr  uns,  being  careful 
not  to  touch  adjacent  wires  with  the  hot  iron 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNITII  ^ 

JOB  SHEET  #4-REPAIR  A  PRINTED  CIRCUIT  BOARD  BY  REPLACING 
RESISTORS  AND  CORRECTING  OPEN  OR  BROKEN  LANDS 

Materials' reqi^ired 

A.  Variac,  to  controf  soldering  iron  temperature 

B.  Vise  or  clamp 

C.  Solderirivj  iron 

D.  Solder  sucker 

E.  Nail  clippers  ^  " 

F.  Isopropyi  alcohol 

G.  60/40  rosin-core  solder  (22'gauge) 

H.  Typewriter  eraser 

I.  Acid  brush 

J.  Chain  nose  pliers 

K.  Component  lead  cleaner 

L.  Printed  circuit  board  with  two*  damaged  resistors,  an  open  conducting 
path,  and  a  broken  or  removed  land 

M.    Two  replacement  resistors 

Procedure 

A.  Plug  soldering  iron  into  variac  and  set  voltage  at  90-95  volts  (for  SO-watt 
iron) 

B.  Remove  damaged  component  by  clipping  component  leads 
C     Turn  board  over 

D.  Remove  remaining  lengths  of  component  leads  by  heating  solder  and  lifting 
leads  off  board  by  means  of  chain  nose  pliers;  remove  melted  solder  by 
means  of  solder  sucker 

E.  Remove  grease  and  rosin  from  connections  by  means  of  isoprotiyl  alcohol 
and  acid  '^rush 

F.  Remove  oxides  from  the  land  by  means  of  the  typewriter  eraser 


JOB  SHEET  #4 

Clean  .o?<ides  from  replacement  component  leads  by  means  of  component 
lead  cleaner 

Measure  distance  between  component  land  connections  and  bend 
component  leads  at  right  angles  so  that  the  lejds  will  insert  into  the  land  eve- 
lets 


Insert  component  leads  into  land  holes  so  that  component  lies  on  upper 
surface  of  board 


While  holding  component  in  place,  turn  board  over  and  either  clinch,  swage, 
or  clip  component  leads  as  shown  in  Figure  1 


FIGURE  1 


CLINCHED 
LEAD 


SWAGED 
LEAD 


CLIPPED 
LEAD 


Solder 


Land 


Equal  to  or  Greater 
Than  Lead  Diameter 


Solder  Fillet  at 
Least  80%  Complete 
Around  Lead 


(NOTE:  Clinching  provides  the  best  mechanical  connection.  The  leads 
are  swaged  or  clipped  when  space  limitations  prevent  clinching.  If  the 
leads  are  to  be  clipped,  it  may  be  best  to  postpone  the  clipping  operation 
until  after  the  connections  have  been  soldered.) 

Install  board  in  clamp  or  vise 

Attach  fieat  sink  to  component  lead  at  each  end  of  component 

Solder  component  lead  to  land  at  each  connection  as  shown  in  Figure  1 
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JOB  SHEET  #4*  ' 

N.     Replace  second  resistor  by  cutting  off  damaged  resistor  as  before,  but 
soldering  new  resistor  to  old  component  leads  as  shown  in  Figure  2 

FIGURE  2 

Replacement     '  c 


 _RepaJr^pen  ln_phnjed  vviring  by  soldering  a  conductor  bridge  across  the 

open  using  one  of  the  techniques  shown  in  Figure  3 


Printed 
Wiring 


Board 


Insulated 
Wire  Jumper 


Land 


Solder  Insulated  Wire 
Jumper  Across  Open 
on  Conductor  Side 
cf  Board 


...or... 


JOB  SHEET  #4 


Insulating'  Insulated 
Base  WireJunrrper 


P.     Repair  removed  or  lifted  land  as  shown  in  Figure  4 


Q.    Check  all  soldered  connections  for  proper  configuration 

R.    Check  that  no  solder  has  been  spilled  to  cause  possible  shorts  with  adjacent 
connections  or  wiring 

S.     Clean  all  soldered  connections  with  isopropyl  alcohol  and  acid  brush  . 
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^         .    SOLDERING  ANp  CIRCUIT  FABRICATION 

UNIT!!-' 

Jd8:SHEET#5-SPLICE  WIRES  TOGETHER  BY  MEANS 
.   SOLDERING  AND-CRIMPING  (FLAT  CABLE) 

Materials  required 

A.  Soldering  iron 

B.  Crimping  tool 

C.  18  inches  of  #26  stranded  wire 

D.  24  inches  of  #20  wire 

E.  One  splice  lug  for  #20  wire 

F.  Two  inches  of  shrink  tubing  for  #26  wire 

G.  Electrical  tape 
Procedure 

A.  Cut  the  #26  wire  into  three  equal  lengths 

B.  Strip,  clean,  and  tin  one  end  of  each  length 

C.  Cut  the  #20  wire  into  four  eq'ual  lengths 

D.  Strip,  clean,  and  tin  one  end  oi  each  length 

E.  Trim  tinned  ends  of  all  wires  to  1/2  inch  length 


JOB  SHEET  #5 


Splice  t^nned  ends  of  one  #20  wire  and  one  #26  wire  (Figure  1 ) 
FIGURE  1 

A- 

no.  26  Wire 
•no.  20  Wire  \^ 

(     ^  ^  Cut 


1.  Wrap  smaller'wire  around, larger  wire 


V 

Tape  1-  4 


•    M    3  ^ 


8  16 

2.  Bend  wires  back  and  solder  full 


"^^^  length  of  twist 


3.  Apply  electrical  tape  over  splice 


Install  shrink  tubing  on  one  length  of  #26  wire 

Splice  tinned  ends  of  two  lengths  of  #26  wire  (including  the"  one  with 
tne  tubing)  (Figure  2) 

FIGURE  2* 


1.  Twist  wires  together 

Solder 


2.  Solder  twisted  ends 


3 


3.  Slide  heat  shrink  tubing  over  splice 

so 


1  ^ 
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JOB  SHEET— 5 

I.      Shrink  the  cubincj-by  passing  the  fiot  soldering  iron  l)dck  and  fortfi  across  iho 
length  of  the  tubing,  WITHOUT  TOUCHING  THE  TUBING 

J.     Continue  applying  fieat  until  tul)ing  fits  snugly  over  the  splice 

K.     Insert  tinned  ends  of  two  lengths  of  #^20  wire  in  opf)osite  ends  of  crir7if)ing 
lug  (Figure  3);  make  sure  strands  of  both  wires  are  visihle  in  slot  dX  comer  of 

lug 

L.     Using  crimping  tool,  crimp  botli  ends  of  lug 
M.    Check  that  crimp  IS  correct  ( Figure  3) 
FIGURE  3 

Insert  Tinned  Wire— Q)  ^        je-- Insert  Tinned  Wiru 

Crimping  Sleeve  or  Lug 


INCORRECT  CRIMP 


(3 

05, 


Wire  Strands  riot  ViGible 


Crim()ing  Point 


CORRECT  CRIMP 


Crimping  Points 


Wire  Strands  Visible 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 


JOB  SHEET  #6--C0NNECT  ENDS  OF  FLEXIBLE 
PRINTED  WIRING  (FLAT  CABLE) 

Material  required 

A.  Soldering  iron 

B.  60/40  rosin-core  solder 

C.  Thermdl  wire  stripper 

D.  Lonqth  of  flexible  primed  wiring  (flat  cable) 

E.  5  pin  male  connector 

F.  Primed  circuit  board  with  five  adjacent  printed  conductors 
P'^ocociure 

A     Strip  insulation  from  one  end  of  cable  as  follows  (Figures   1  and  2) 


I     !>(  nb«;  liiii-  on  pririlcfj  wiri,u|  1/4  incli  back  Iron)  siraKjlit  end 


'/^     IM,i(  r  \)\\\\\vA  wirifn)  on  flat  fujat  Mrastant  suffncr?  afid  hold  wiriofj 
plaf  f  with  he»*l  r^l  ofM.'  hand 


JOB  SHEET  #6 


3.  Connect  thermal  stripper  to  power  source 

4.  When  stripper  is  hot  enough  to  melt  insulation,  melt  and  peel  in- 
sulation from  cable  by  pulling  stripper  from  scribe  line  toward  end  of 
wiring  as  shown  in  Figure  2 

(CAUTION:  If  a  power  supply  is  being  used  to  provide  power  to  the 
stripper,  the  stripper  should  be  turned  off  periodically.  Thermal  wire 
strippers  diaw  high  current,  and  prolonged  high  current  may  damage 
the  power  supply.) 

5.  Turn  wire  over  and  strip  opposite  side  in  same  manner;  turn  off  stripper 

Clean  and  tin  stripped  conductors  of  flexible  wiring  and  conductors  of 
pririted  circuit  board  to  which  they  will  be  connected 

Lap-solder  conductors  of  flexible  wiring  to  conductors  of  printed  circuit 
board  as  shown  in  Figure  3 

FIGURE  3 


Lap-Solder 


Clean  and  tin  pins  of  male  connector,  and  eyelets  at  opposite  end  of  flexible 
printed  wiring 


F.     Solder  pins  to  flat  cable  eyelets  as  shown 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 


NAME 


TEST 


1 .   Match  the  terms  on,  the  right  with  their  definitions. 

a.  Applying  mechanical  pressure  to  compress 
^     a  sleeve-type  or  cup-type  electrical  terminal  to 
ensure  a  good  electrical  connection  between 
the  sleeve  and  the  conducting  wire  it  contains 


^b.  The  application  of  a  small  amount  of  solder 
to  surfaces  to  be  soldered  to  help  ensure  good 
letting  during  soldering 

_^c.  Films  and  impurities  which  form  on  the 
surface  of  metals  when  exposed  to  air  or 
water  and  which,  if  not  cleaned  off,  will 
prevent  a  good  bond  between  the  surfaces  and 
solder 

_d.  Printed  wiring  attached  to  the  surface  of  a' 
printed  circuit  board 

_e.  A  material  obtained  from  pine  trees  which  is 
used  during  soldering  to  help  ensure  a  good 
bond  between  the  solder  and  the  metal 
surfaces 

f.    Removing    insulation    from  electrical  con- 
ductors 


_l_g.  The  ability  of  molten  solder  to  flow  over  and 
fuse  completely  with  the  metal  surfaces  to 
.  which  it  is  applied 


1.  Oxides 

2.  Rosin 

3.  Wetting 

4.  Stripping 

5.  Tinning 

6.  Flux 

7.  Crimping 

8.  Land 


 hr  A  -liquid  or  solid  which  when  heated  clean:. 

and  protects  surfaces  to  be  soldered 

2.   Match-  the  soldering  tools  and  materials  on  the  rigfu  with  the  correct  uses 

 ^a.   For    soldering   large   electrical  connections 

 b.  For   soldering  small   etectrical  connections 


1 .   Thermal  wire 
strippers 


_c.   For    soldering   large  electrical  connections 
where  better  heat  control  is  required 

_d.  For  soldering  many  connections  in  close 
spaces 


2.  Component  lead 
cleaner 

3.  Solder  sucker 

4.  Resistance  solder- 
•ing  unit 
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e.  For  drawing  heat  from  spidered  connec- 
tion   to   prevent   damage   to  components 

_f.  For  removing  oxides  and  other  films  from 
component  leads 

_g.  For  removing  oxides  and  other  films  from 
terminals  to  be  soldered 

_h.  For  removing  oil,  grease,  and  flux  from 
conductors  and  terminals  both- before  and 
after  soldering 

J.  For  cutting  and  pulling  insulation  from 
ends  of  conductors 

j.  For  removing  wire  insulation  by  heating 
and  melting  the  material;  prevents  removing 
wire  strands,  but  cannot  be  used  on  Insulation 
that  will  not  melt,  such  as  glass  braid  or 
asbestos 

k.-  For  making  electrical  .connections;  most 
common  type  is  60/40  josln-core  solder 
containing  60%  tin  and  40%  lead,  with  a 
center  core  of  rosin  flux  to  allow 
simultaneous  applieaclon  of  both  solder 
^  and  flux  ' 

i.  For  making  mechanical  connection  prior 
to  soldering;  may  also  be  used  as  heat  sink 
during  soldering 

m.  For  cutting  conductors 


n.  For  supporting  a  hot  soldering  iron  when 
not  in  use 

o.  For  clamping  and  holding  a  printed  cir- 
cuit board  or  other  component  during 
soldering  6r. other  repair  operations 

p.  For  ensuring  a  good  electrical  connection  by 
cleaning  and  wetting  all  surfaces  during 
soldering;  not  required  if  the  solder  contains  a 
rosin  core 

q.  For  controlling  soldering  iron  tip  temperature 

r.  For  making  a  strong  mechanical  connec- 
tion to  certain  sleeve-type  terminals 
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5_ 

Crimping  tool 

6. 

Soldering  iron, 

100  watt 

7. 

Typewriter  eraser 

8. 

Soldering  vise 

y. 

Isopropyl  alcohol 

10. 

Soldering  pencil. 

10  to  35  watts 

11. 

Diagonal  cutting 

pliers 

12. 

Spaghetti-sleeve 

insulation  - 

13. 

Mechanical  wire 

strippers 

14. ' 

Soldering  gun. 

100  watts 

15. 

Solder 

16.   Adjustable  power 
source 


17.  Heat  shrink 
insulation 

18.  Heat  sink 

19.  Long  nose  and 
needle  nose  pliers 

20.  Flux 

21 .  Soldering  iron 
stand 
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 s.   For  preventing  electrical  connections  from 

becoming  shorted  to  adjacent  connec:ions 

 t.  For  removing  melted .  solder  from  a  termi- 
nal to  be  resoldered 

 u.  Sleeve-type  insulation  which,  when  heat- 
ed, shrinks  to  form  a  snug  fit  over  a  soldered 
connection 

3.   Select  true  statements  about  cleaning  before  and  after  soldering  by  placing  an  "X"  to 
the  left  of  the  true  statements. 

 a--  To  remove  oil,  grease,  and  dirt,  wipe  with  isopropyl  alcohol  and  clean 

cloth 

 b-  To  remove  old  solder,  heat  with  a  soldering  iron  and  wick  away,  or  suck  up 

by  means  of  a  solder  sucker 

 c.   Use  a  typewriter  eraser  to  clean  oxides  from  terminals 

 d.  To  remove  rosin  flux,  wipe  or  brush  with  glycerine  water 


4.   Select  the  true  statements  about  wire  stripping  and  tinning  by  placing  an  "X"  in 
the  appropriate  blanks.  .  . 

 a.  One  slot  in  the  wire  strippers  is  used  for  all  size  wires 

;  b.  Care  must  be  taken  not  to  remove  wire  strands  when  stripping 


 c.  After  stripping,  clean  the  wire  strands  with  isopropyl  alcohol  and  paper 

towel 

 _d.  Place  heat  sink  on  wire  strands  immediately  adjacent  to  wire  insulation 

before  tinning 

 e. -Tinning  applies  only  to  the  stripped  wire,  not  to  the  soldering  iron  tip 

 f-   After  tinning,  the  wire  strands  should  not  be  visible  through  the  solder 

 g-   After  solder  has  cooled,  clean  the  tinned  wire  with  isopropyl  alcohol  and 

paper  towel 

5.   Select  thfi  true  statements  about  soldering  procedures  by  placing  an  "X"  in  the 
appropriate  blanks. 


a.  |t  is  not  necessary  to  clean  surfaces  prior  to  soldering 


^b.  Strip  and  tin  wires  to  be  soldered 

C  A  small  35-watt  soldering  iron  should  be  used  for  all  electrical  soldered 
connections 
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 d.  The  heat  sensitivity  of  components  is  an  important  factor  to  consider 

when  choosing  a  soldering  iron 

e.  If  mechanical  connection  is  not  possible,  make  sure  component  to  be 
soldered  is  held  stationary  in  vise  or  clamp  to  prevent  movement  during 
soldering 

 f.   The  following  is  the  correct  soldering  procedure:  Apply  hot  iron  tip  to 

terminal  and  wire,  and  apply  solder  to  iron  tip  sc  that  it  win  flow  down  onto 
the  connection 

 g.  The  following  is  the  correct  soldering  procedure:  Apply  hot  iron  tip  to 

terminal  and  wire,  and  apply  solder  to  wire,  or  component  lead  or  terminal 

 h.  Movement  of  the  wire  while  the  solder  solidifies  will  cause  "no  harm 

 i.    After  the  solder  has  cooled,  the  connection  should  be  cleaned  with  isopropyl 

alcohol 

6.  Select  the  characteristics  of  a  good  solder  connection  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  Silvery,  shiny  appearance  to  solder  surface 

 b.  Dull  appearance 

 c.   Damaged  insulation 

 d.  No  burnt  areas  on  insulation 

 e.  Gap  between  insulation  and  connection  is  approximately  3/4" 

 f.   Good  wetting  of  solder  to  surfaces  « 

 g.  Solder  does  not  have  to  completely  cover  connection 

 h.  Small  pits  or  holes  in  solder  surface 

 i.    Solder  spills 

 j.    Gap  between  insuJation  and  connection  is  approximately  the  ciiameter  of 

the  wire  insulation 

 k.  Solder  completely  covers  connection,  but  contour  of  connection  is  still 

visible 

7.  Match  the  types  of  poor  solder  connections  on  the  right  with  their  causes.  • 

 a.   Insufficierrt  heat  1.   Burnt  insulation 

 h.  Connection    moved    before    solder    solidi-         2.   Dewetted  solder 

fied  joint 


BE  -  81-C 


u . 

I  00  rnucn  soiuer  appiicu 

3. 

Excessive  solder 

d. 

Too  little  solder  applied 

4. 

Solder  short 

e. 

Insufficient  cleaning  or  insufficient  use  of 
flux 

5. 

Insufficient  solder 

f. 

Excessive    heat   or   carelessness  with  iron 

6. 

Disturbed  joint 

g- 

Excessive     heat     applied,    excessive  iron 
application  time,  or  lack-  of  heat  sink 

7 

I  ncM  1  pt"m  n 

I I  loU  1  a  LI  u  1 1 

damage  ^ 

h. 

Excessive  rosin  or  insufficient  heat 

8. 

Rosin  solder 
joint 

i. 

Excessive  solder  or  carelessness 

9. 

Cold  solder 

joint  . — 

8.  Name  two  types  of  soldered  connections  for  the  degrees  of  mechanical  security 
required  prior  to  soldering. 

a.  No  mechanical  connection  prior  to  soldering 

1)  Butt  connections 

a)  ■   

b)  

2)  Lap  connections  « 

a)  ;  ' 

b)  

b.  Partial  mechanical  connection  prior  to  soldering 

1)  

2)  

c.  Full  mechanical  connection  prior  to  soldering 

1)   :  

2) 

9.  Demonstrate  the  ability  to: 

a.  Strip  and  tin  wire  for  soldered  connections. 

b.  Solder  wires  to  turret  terminals,  then  de-solder  wires. 

c.  Solder  wires  to  a  terminal  strip. 

ERIC 
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d.  Repair  a  printed  circuit  board  by  replacing  resistors  and  correcting  open  or 
broken  lands. 

e.  Splice  wires  together  by  means  of  soldering  and  crimping. 

f.  Connect  ends  of  flexible  printed  wiring. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 


5'  ^ 
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SOLDERING  AND  CIRCUIT  FABRICATION 
UNIT  II 


ANSWERS  TO  UNIT  TEST 


1. 

a.  7 

d. 

8 

g- 

3 

b.  5 

e. 

2 

h. 

6 

c.  1 

f. 

4 

o 
^. 

a.  6 

f. 

2 

k. 

15 

n 

r*  • 

20 

b.  10 

g. 

7 

1. 

19 

n 

16 

c.  14 

h. 

9 

m. 

11 

r. 

5 

d.  4 

i. 

13 

n. 

21 

s. 

12 

e.  18 

i- 

1 

0. 

8 

t. 

3 

3. 

a,  b,  c 

4. 

b,  c,  d,  g 

5. 

b,  d,  e,  g,  i 

6. 

a,  d,  f,  i,  k 

7. 

a.  9 

d. 

5 

g- 

7 

b.  6 

e. 

2 

h. 

8 

c.  3 

f. 

1 

i. 

4 

17 


8.  Any  two  of  the  following  under  each  degree  of  mechanical  security  required  prior 
to  soldering: 

a.  No  mechanical  connection  prior  to  soldering 

1 )  Butt  connections 

a)  Wire-to-wire 

b)  Flat-to-flat 

2)  Lap  connections 

a)  Wire- to- wire  d)  Wire-to-post 

b)  Wire-to-flat  e)    Wire-to-cup  or  sleeve 

c)  Flat-to-flat  f)  Wire-to-hole 

b.  Partial  mechanical  connection  prior  to  soldering 

1)  Wire-to-hook 

2)  Wire-to-flat  lug 

3)  Wire-to-turret  or  post 

c.  Full  mechanical  connection  prior  to  soldering 

1 )  Wire  spliced  to  wire 

2)  Wire  to  flat  lug 

3)  -  Wire  to  turret  or  post 

4)  Wire  to  crimp  sleeve 

9.  Performance  skills  evaluated  lo  the  satisfaction  of  the  instructor. 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 

UNIT  OBJECTIVE 

After  completion 'of  this  unit,  the  student  should  be  able  to  use  an  electronic  calculator, 
convert  numbers  between  binary  and  decimal  systems,  and  express  numbers  in  scientific  and 
engineering  notatiqn.  The  student  should  also  be  able  to  obtain  trigonometry  function 
values  and  determine  logarithms  of  numbers.  This  knowledge  will  be  evidenced  by  correctly 
performing  the  procedures  outlined  on  the  assignment  sheets  and  by  scoring  85  percent  on 
the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  scientific  calculations  with  the  correct  definitions. 

2.  Match  data  keys  of  an  electronic  calculator  with  their  functions. 

3.  Match  function  keys  of  an  electronic  calculator  with  their  functions. 

4.  Match  the  major  categories  of  the  number  system  with  the  correct  definitions. 

5.  Select  true  statements  concerning  systems  of  numeration. 

6.  Express  a  large  number  and  a  decimal  fraction  in  scientific  notation. 

7.  State  the  laws  of  exponents  when  multiplying  and  dividing. 

8.  Arrange  in  order  the  operations  of  computation. 

9.  Match  trigononnetry  functions  with  the  correct  statements  which  describe  them. 
10.   Demonstrate  the  ability  to: 

a.  Use  an  electronic  calculator. 

b.  Solve  combined  multiplication  and  division  problems. 

c.  Convert  numbers  between  binary  and  decimal  systems. 

d.  Express  numbers  in  scientific  and  engineering  notation. 

e.  Obtain  trigonometry  function  values. 

f.  Determine  logarithms  of  numbers. 

2  i  - 
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SCIENTIFIC  CALCULATIONS 
UNIT  111 

SUGGESTED  ACTIVITIES 

I.  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information  and  assignment  sheets. 

III,  Make  transparencies. 

IV,  Discuss  unit  and  specific  objectives. 

V,  Discuss  information  and  assignment  sheets. 

VL  After  students  are  familiar  with  hand-held  electronic  calculators,  visits  to 
engineering,  scientific,  and  business  computer  centers  are  suggested. 

VI L       Give  test. 

•  INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Electronic  Calculator  Typical  Keyboard 

2.  TM  2-The  Number  System 

3.  TM  3-Decimal  System  of  Numeration 

4.  TM  4"Binary  System  of  Numeration 

5.  TM  5-Trigonometry  Functions 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1 --Use  an  Electronic  Calculator 

2.  Assignment  Sheet  #2-Solve  Combined  Multiplication  and  Division 
Problems 

3.  Assignment  Sheet  #3-Convert  Numbers  Between  Binary  and  Decimal 
Systems 

4.  Assignment  Sheet  #4-Express  Numbers  in  Scientific  and  Engineer- 
ing Notation 

■  2ie 
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5.  Assignment  Sheet  #5-0btain  Trigonometry  Function  Values 

6.  Assignment  Sheet  #6-Determine  Logarithms  of  Numbers 

E.  Answers  to  assignment  sheets 

F.  Test 

G.  Answers  to  test 
II.  References: 

A.  Carney,  Richard.  Your  Electronic  Hand  Calculators-How  to  Get  the  Most 
Outofir.  New  Brunswick,  NJ:  Rutgers  University,  1978. 

B.  Personal  Programming.  Dallas,  TX:  Texas  Instruments  Inc.,  1977. 
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SCiENTIFJC  CALCULATIONS 
UNIT  III 


-INFORMATION  SHEET 


ERIC 


Terms  and  definitions'  - 

A.  Data  keys-Keys'that  enter,  change,  or  erase  nur.ibers 

B.  Function  keys-Keys  that  perform  mathematical  operations  or  that  move 
data  from  one  register  to  another. 

C.  Register-Locations  in  a  calculator  (computer)  where  numbers  are  placed  for 
processing 

Examples:        Display  Register,  Data  Register,  or  Men,ory  Register- 

D.  Logarithm-The  exponent  to  which  a  base  is  raised  to  give  a  particular 
number 

Example:        The  logarithm  of  100  to  the  base  of  10  is  2,  because  10^ 
equals  1 00  ~' 

E.  Reciprocal-One  of  a  pair  of  numbers  whose  product  is  one 

Example:        3  •  ■   r  2  .  ^     ?  ^  > 

'  —  IS  the  reciprocal  ot  —  because  ±  x  —  =  1 

2  ,  \3  2  3 

F.  Scientific  notation-The  expressing  of  numbers  as  the  product  of  a  nu.Miber 
between  1  and  10,  and  an  appropriate  power  of  10 

E^kample:       '  12345.6  in  scientific  notation  is  1.23456  x  10^ 

G.  Engineering  notation-Expressing  numbers  as  the  product  of  a  numl)Or 
between  1  and  1000  and  a  power  of  10  which  is  a  multiple  of  3 

Example:         12345.6  in  engiheering  no.  jtion  is  12.3456  x  10^ 

.-H.     Significant  digits-The  digits  in   a  number  (usuaHy  from  measurementT 
considered  to  be  reliable 

Data  keys  on  an  electronic  calculator  and  the;:  functions  (Transparency  1; 
(MOTE-:  Your  calculator  may  not  agree  exactly  with  this  list.) 

A.  |0| through^  -^Digit  kevs 

B.  i~|-Decimal  point 

C.  (^-Pi  (3.14159...) 

D.  J+AJ -Change  sign  key 

E-  fcl-Clear  or  erase  numbers  in  the  display  or  storage  register 
F.  fEE]orfE^  or|E^>J  -  Enter  exfjorient 
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F  ijfu  tiof)  kv\  \      jii  elec.tionic  cMlcuLitcii  (irnnspiirency  1) 
A    ^TJ   AilvHIitMiext  nuinlier 

Snt>tNu:i  the  next  nufnl)er 

^    ^m}  ^^"^  ^^^'^^  nur7il)or 

O  Divujt»  by  next  the  nurrhei 

^     CiiJ  percentjcje  numl^er  to  j  ciecimal 

Lx. unfile:  &o  To  .05 

^  Cii(nplete  the  .uitlnitetic  jnci  display  tlie  answer 

^     t^N^  CjlcLikJle  reciproCiil  of  nurnl)er  in  display 
H   ^</j  S.|ujfe  the  nufnl)er  in  display 
;     |v\  I  CaU\jljte  S(|uare  root  of  number  in  display 
•i    [  ir)x  I  Cjkuljte  ruitural  logarithm  (to  base  e  =  2.718281...) 
K   |T>gJ  Calculate  common  logarithm  (to  base  10) 
^Trnj  Call  uLite  the  sif;e  of  nmnher  in  display 
JTosJ  C.iiculate  the  cosine  of  number  in  dii^p  ay 
^11^  Calculate  the  tangent  of  number  in  display 
fivgj  Places  calcuLitor  in  degree  mode  (rather  than  radians) 
Corisi      k.^y  useii  for  repetitive  operations 
1  The  t\ise  V  to  the  x  power 
Store  in  meinory 


M 


RCL 


Recall  from  memory 
T  Sum  valuo  m  display  into  memory 

Cx^^u;'  ;.;e  ;  .:!ue  iri  display  witl)  valua  in  memory 
V   I  (    )  [  Grouping  (parenthesis)  to  insure  correct  order  of  arithmetic  operations 


INV  I    Inverse  key  whtch  reverses  the  purpose  of  the  next  key  pressed 

Exarr^pie  NV  SUM  1  will  subtract  rather  than  add  number  in  display 

:o  mefncry  register  no.  1 


BE 
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Major  categories  of  the  number  system  and  their  descriptions  (Transpar- 
ency 2) 

A.  Non-negative  integers-Includes  zero  and  positive  integers 

B.  Zero-A  non-negative  integer  which  is  neither  positive  or  negative 

C.  Positive  integers-The  counting  numbers  or  whole  numbers  of  arithmetic 

D.  Integer-Includes  non-negative  integers  and  negative  integers 

E.  Fractions-Expressed  in  the  form  p/q  where  q  is  not  equal  to  zero  and 
q  does  not  divide  evenly  into  p 

F.  Rational  numbers-Includes  integers  and  fractions 

(NOTE:  A  rational  number  can  be  expressed  in  the  form  p/q  and  includes 
both  terminating  and  repeating  decimals.) 

Examples:       Terminating  decimals:  7/8  or. 875 

Repeating  decimals:  1/3  or  .33^^..,  41/333  or  .123123123.:. 

•  \^ 

G.  Real  numbers-Includes  rational  nur^bers  and  irrational  numbers  , 

H.  Irrational  numbers-Numbers  which  cannot  be  expressed  in  the  form  p/q 
Examples:       Pi,  e,\/T 

I.  Complex  numbers-Includes  real  numbers  and  imaginary  numbers 

(NOTE:  Complex  numbers  are  pf  the  form  a  +  jb,  where  a  and  b  are  real 
numbers  and  j  x  j  =  -1.  Mathemeticians  use  "i"  rather  than  "j",  but  in 
electronics  "j"  is  more  commonly  used.  "J"  is  also  called  the  "j  operator." 
When  b  (in  the  expression  a  +  jb)  eq/als  0,  the  number  is  peal.) 

Systems  of  numeration  \;  v. 

A.     DecimaTsyst^em  of  numeration  (Transparency  3) 

1 .  Base  is  1 0 

2.  There  are  1 0  digits  ( 1 ,  2,  3,  4,  5,  6,  7,  8,  9,  and  0) 

3.  Digiis  have  place  value 

4.  Position  placement  of  a  digit  is  10  times  greater  in  one  position  than  in 
the  position  on  its  right 
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B.     Binary  system  of  numeration  (Transparency  4) 

1 .  Base  is  2 

2.  There  are  2  digits  (0,  and  1 ) 

3.  Digits  have  place  value 

4.  Position  placement  of  a  digit  is  2  times  greater  than  position  on  right 
Expressing  numbers  in  scientific  notation 

A.  Move  decimal  to  create  number  between  1  and  10 
Example:         12300  to  1.23 

B.  Number  of  places  decimal  is  moved  gives  exponent  to  be  used 
(NOTE:  In     impie  above,  exponent  is  4.) 

C.  Left  movement  of  decimal  gives  a  positive  exponent;  right  a  negative 
(NOTE:  In  example  above,  decimal  is  moved  to  the  left.) 

D.  Rewrite  number  as  a  product  of  a  number  between  1  and  10  and  th3  cor- 
rect power  of  10 

Examples:  12300=  1.23x  10^ 


.00256  =  2.56  x  10 


943,000,000  =  9.43  x  '^0^  (also  equals  943  x  10°  in  engi- 
neering notation) 


The 


laws  of  exponents  when  multiplying  and  dividing 


A. 


Law  of  exponents  when-multiplying:  add  exponents 


(B^  X  B^^)  =  B 


(m  +  n) 


or  B^  X  B^  =  B 


(NOTE:  Observe  that  the  same  number,  B,  is  used  throughout.) 


B. 


Law  of  exponents  when  dividing:  subtract  exppntnts 


n 


-n  „  p  (m  •  n 


/ 

/ 

INFOF^MATION  SHEET 
Order  of  operations  of  computation 

(NOTE:  This  is  not  the  order  of  entry  when  using  calculators.) 

A.  When  parenthesis  are  present,  perform  the  operations  within  the 
thesis 

B.  Raise  each  base  to  power  indicated  (including  roots) 

C.  Multiply  and  divide  in  order  fronri  left  to  right 

D.  Add  and  subtract  in  order  from  left  to  right 
Trigonometry  functions  (Tran^P^fencV  5) 

A.  Sine  function  (sin  0  ) 

1 .  In  right  triangle,  is  r^tio  of  opposite  side  to  hypotenuse 

2.  In  unit  circle,  is  length  of  opposite  side  (vertical  distance) 

3.  Sine  values  range  fronn  -1  to  +1 

B.  Cosine  function  (cos  0  ) 

1 .  In  right  triangle,  is  r^tio  Qf  adjacent  side  to  hypotenuse 

2.  In  unit  circle,  is  length  of  adjacent  side  (horizontal  distance) 

3.  Cosine  values  range  frorn  -]  to  +1 

C.  Tangent  function  (^an  0  ) 

1 .  In  right  triangle,  is  r^tio  of  opposite  side  to  adjacent  side 

2.  In  unit  circle,  is  length  of  tangent  line  to  extended  radius 

3.  Tangent  values  can     ^ny  real  number 


Electronic  Calculator 
Typical  Keyboard 


The  Number  System 


Complex  Numbers 


Imaginary  Numbers  Real  Numbers 


^ 


Irrational  Numbers  Rational  Numbers 


Fractions  Integers 


Negative  Integers  Non-Negative  Integers 


1 


Z^f'o  Positive  Inteqers 

,  224: 
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Decimal  System  of  Numeration 

I 


Digits(d)  of  Number:  -  -  -  d 3  62  d.^  d 

!  I  I  I  I 

I  I  I  I  ' 

Position  Value:       I'o^  I'o^  10^  10°  10"^ 

(Base  10)  |  i  ;  (on) 

I  I  1,1 

I  I  I  I 

Value  Multiplier  (Of  Example)    6  4  7  2 


Example; 


6472 


Base  10 


=  (6x  10^)  +  (4x  10^)  +  (7x  10^)  +  (2x 
=    6000  +  400  +  70  +  2 


Binary  System  of  Numeration 


Digits(d)  of  Number:  ■  -  -  6^  6^  62     dg  d.^  d.g 

T~  T  —  T  T~  *  T~  T~ 

I     I     I  I     I  II 

I     I     I  I     1  II 

Position  Value: 2"  2^  2^  2^  2°   2"^  2'^ 

(Base  2)  |    \  |  (om) 

I    I  1  I 

Value  Multiplier  (Of  Example)       110  1 


Example:  1101  ^^^^^ 


=  (1  x2^)  +  (1  x22)  +  (0x2^)  +  (1  x2°) 
=  (In  Base  10)  8  +  4  +  0  +  1  or  13„ 

'    Base  10 


Trigonometry  Functions 


Right  Triangle 


Sin  A  =_a  =  Opposite  Side 
c  Hypotenuse 

Cos  A  =  b  =  Adjacent  Side 
c  Hypotenuse 


Tan  A  =  a^  =  Opposite  Side 
b    Adjacent  Side 


Unit  Circle 


> Tangent  of  z  A 


X  i(1,0) 


^Tangent  Line 


Sin  A  =  RX 
Cos  A  . =  OX' 


Tan  A  =  X'R' 


CD 

m 
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SCIENTIFJC  CALCULATIONS 
UNIT  III 


ASSIGNMENT  SHEET  #1"USE  AN  ELECTRONIC  CALCULATOR 


(NOTE:  Your  particular  calculator  may  differ  from  others  and  you  may  or  may  not  be 
able  to  do  all  of  the  problems  listed.  Check  with  your  instructor  when  in  doubt.) 

1.  My  calculator  is  manufactured  by  ^and  is  Model, No 

2.  The  power  supply  is_  (type  of  batteries)  and  (can 

cannot)  operate  on  AC. 

3.  Check  your  display  by  entering|+A]Q  then  *'8's"  until  display  is  full.  You  should  have 

"-.8888888"  in  the  display.  The  number  of  digits  my  display  holds  is  and  all 

digits  are  ok.  yes   no 


4,   Adding  and  subtracting:    Remember:  (A -f- B)  =  (B -f-  A);  (A  -  B)  =  (-B  +  A)  but  (A  -  B) 
i^(B-A) 

'  '-.X. 

A.     102  +  345  = 


B.  678-109=" 


C.     -782+386  +  1052  =  (Enter  in  order  shown) 


D.    0.00312+  1.0157-0.00235  = 


5.   Multiplying  and  dividing:  Remember:  (A  x  Bj  =  (B-x  A);  (A/B  =  Ax  1/B) 
A.     15x2  = 


B.    5766-f93x4r16  = 


C.     49T7fO  = 


(NOTE:  Many  calculators  display  "flash"  when  given  an  instruction  it  can  not 
perform.  How  did  yours  react  when  asked  to  divide  by  "0"  in  this  problem? 


D.  8.936/2  =  i         (Work  this  one  of  two  ways:  (1)  8.936f2,  or  (2)  £7x1  x 
8.936)    '  J 

E.  .00325  X  .0004  =  . 


In  this  problem  deliberately  enter  .0005  as  the  second  number;  then  use  the  - 
"clear  keyboard  entry"  key  to  clear  and  re-enter  .0004  to  see  if  you  get  the,  same 
answer 


106-C 

ASSIGNMENT  SHEET  #1 

F.  Use  your  "constant  repeating  key"  |k]  to  work  the  foHowing: 
(Round  to  2  decima!  places) 

(1)  6.23x  1.04  =  

(2)  5.98x  1.04  =  

(3)  245.84x  1.04  =  

(4)  18.98  X- 1.04  =  

G.  Obtain  22%  of  each  of  the  following  numbers  (Use  the(^  key) 

(1)  268  =   ^  ' 

(2)  139  =  _  

(3)  44=^  

6.  Powers  and  roots 

Use  the{^  key  and  thej^)  key  to  solve:  Remember, '=  (x)  fx);  =  (y)  (y)  (yj...  x 
times. 

A.  2  =  

B.  (16.9)2=.  

C.  (.0026)2  x  (n/3~)  x  96,000  =  

Use  the  y^  key  to  solve: 

D.  2^  =  /(Er.ter(2]0(3]2  to  cH--in  solution) 

E-  v^  =   (NOTE:  The  so'iare  o..  of  a  number  equals  N^ ''2.) 

F.     (.123)^-®^  = 
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l.o  j<jrithm  Keys  find  Inverse  Key 

The  natural  logarithm  system  uses  "e"  as  the  base;  that  is  2.71828...  and  the  common 
logarithm  system  uses  "10"  as  the  base. 

Thejcey  for  the  common  logarithm  is  [|m|  and  the  key  for  the  natural  logarithm 
iS  [imr    Remember  that  the  logarithm  isTTie  exponent  that  the  base  must  be  raised  to 


in  order  to  give  a  particular  number 
Check  to  see  that  your  calculator  gives:  log  10  =  J_  and  Inx  10  =  2.30258. >. 
Ljst  5  decimal  places 

A     log  100  =    Inx  100  =  

B      lo'i36  85  =    Inx  36.85  =   *  " 

Using  yourflNV.  ,  check  the  four  answers  in  reverse;  that  is,  press  |T|  (TnvI 
l^oQ  TO  see  if  the  display  shows  100,  etc.  '  ^  J 

Tfujonofwtry  keys  (sin,  cos,  tan)  and  degree  key 

A     S^'.  4b^-   Cos  45' «  Tan  45'  = 


H     S^nno'-  Cos  110'=  Tan  110" 


rr/()  (rrtij!<in^;  -  ;     Cos  7r/6  =  ;    Tan  7r/6 


(NOTE,  Take  your  caLulator  out  ot  the  degree  mode  and  place  into  the  radian 
luoiU^  also  use  the  zr  key  to  obtain  u.c-  value  of  pi.  If  your  calculator  functions 
(jf)»y  ifi  degrees,  calculate  the  number  of  degrees  in  7r/6  radians.     Pi  radians 

t'f;ti<»ls  180  Uf.»qrf(fS  ) 

h     WK.ii  dfiglp  has  a  -ii-i:  of  0.5?  (Uiii^fN^  key) 


(NO TE ;  Tfti">  prri[>irfn  can  he  written  arc  sin  0.5,  ur  lin*^  0.5.) 

My  (.,ilMjf«jt(>(  h,is  memory  locations.  Practice  entering  numbers  into  the 

v.ififiij-.  rrie.ri  .ry  lofMHom,  recalling  these  numbers,  exchanging  numbers  between 
fr>i*fj»(^ry  ,ifni  (iiipUjy^  ^jruJ  summing  numbers  into  memory  (as  appropriate). 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 


ASSIGNMENT  SHEET  #2-S0LVE  COMBINED  MULTIPLICATION 
AND  DIVISION  PROBLEMS 


Solve  the  following. 
1.  160x175 


28.5  X  22 

156  X  3.36 
75.5  X  12.8 


3.  160  X  54x0.0092 
92.8x45x0.986 

4.  20  

375  X  0.065  X  980 

5.  0.000655 
41x80x35 


6-1=1  +  1  +  1 
Rj    R^  R3 

What  is  Rj  when  R^  =  10,  Rj  =  20  and  R3  =  30? 
Answer  

T      C^  +  C2 
What  is  Cj  when  C^  =  .006  and  Cj  =  .010? 
A  n  s  we  r  

8.  Mark  the  correct  solution  to  the  problem  following. 
 a.  6  +  7  X  3  =  39 

 b.  6  +  7x3  =  27 

9.  (1.035)2.  (.7)2  +  6.5x4  +  (2)1-^  = 
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ASSIGNMENT  SHEET#3--C0NVERT  NUMBERS  BETWEEN  BINARY  AND 

DECIMAL  SYSTEMS. 


(NOTE:  A,  calculator  is  not  used  during  this  assignment.) 
1.   To  convert  a  decimal  number  to  a  binary  number:  "  ' 

Divide  the  decirhal  nunnber  repeatedly  by  "2"  and  keep  track  of  the  remainders 
The  binary  number  will  be  the  sequential  listing  of  the  remainders  • 

Example:        Convert  6  to  its  proper  binary  number 
2    |T"  3R0f 
1  R  1  I 

Thus,  the  binary  number  is  1 10 

Check:     1 10  =  (1  x  2^)  +  (i  x  2^ )  +  (0  x  2°)  =  4  +  2  +  0  =  6 
Convert  the  following  from  base  10  to  base  2. 
^  A.    8  =   "  D.  •  3  = 


B.'    1 5  = 


16  =   25  = 


2.   Convert  the  following  binary  numbers  to  decimal  numbers. 


A. 

111-,"= 

10 

B. 

10112  = 

10 

C. 

1111112  = 

10 

D. 

10010(2  = 

10 
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■SCIENTIFIC  Calculations 

UNIT  III 


ASSIGNMENT  SHEET  #4--6XPFIESS  NUMBERS  IN  SCIENTIFIC 
AND  ENGlNEEFlING  NOTATION 

§^P''®ss  the  following  numbers  in  botfi  scientific  and  engineering  notation-  (remember 
that  engineering  notation  has  exponent?  ^hich  are  multiples  of  3  -  to  conform  to  the 
standard  prefixes  used  such  as  milli-,  mlcrO-,  ki|o-,  mega-.,  etc.) 

Scientific  fJotatlon  En^neering  Notation 


Number 

1. 

96,000,000 

2. 

0.0C465 

3. 

12.34 

4. 

0.00000002167 

5. 

34  milliamps 

6. 

450  Megatons 

.  7. 

1 5  microfarads 

8. 

22.5  millihenrys 

9. 

435.006 

10. 

1645  Kilowatthours 

(NOTE:  Suffixes  used  are  equivalent  to  th^  f^llovving: 
micro  =  10"^ 
milli  =  10'^ 
Kilo  -  10^ 
Mega  =  10^.) 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 


ASSIGNMENT  SHEET  #5--0BTAIN  TRIG0N0METRY  FUNCTION 

VALUES 


(NOTE:  A  ratio  of  two  numbers  measured  in  the  same  units  results  in  a  "unitless"  num- 
ber or  a  "pure  fraction."  For  example,  3  inches  divided  by  4  inches  equals  0.75.  Not  0  75 
inches  but  just  the  fraction  0.75.  The  three  basic  trigonometry  functions  (sin,  cos,  and  tan) 
are  ratios  and  have  no  units.  However,  these  functions  correspond  to  specific -angles  which 
can  be  measured  in  degrees,  radians,  or  other  units.) 

If  you  have  an  electronic  calculator  with  trigonometry  functions,  use  it  to  obtain  the 
following  values,  then  check  your  numbers  with  a  table  of  trigonometry  functions.  If  you 
do  not  have  a  calculator,  use  the  trigonometry  tables.  (Use  5  decimal  places.) 

^ngl£  _Sin_  Cos  Tan 


1.  45° 


2.  180° 

3.  90° 

4.  30° 

5.  60° 


7.    TT  radians 


8.    7r/6  radians 


9.  89°30' 


(NOTE:  TT  radians  equals  180°.  If  your  calculator  does  not  hgve  a  . "radian  mode"  of 
operation,  first  convert  to  degrees,  then  solve.  When  no  units  are  given-.for  the  angle  it  is 
assumed  to  be  in  radians.) 

Example:         Sin  45°  =  Sin  7r/4 
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SCIENTIFIC  CALCULATIONS 
UNIT  III    ■  . 

ASSIGNMENT  SHEET  #6--DETERMINE  LOGARITHMS  OF  NUMBERS 

(NOTE:  Tables  of  logarithms  (base  10)  are  only  for  rwmbers  ranging  from  1  to  10  If 
r^.H^,,^  ^''■^^  w""'^^       number  in  scientific  notation,  use  the  exponent  derived 

for    10    then  look  up  the  number  between  1  and  10  in  the  table.  If  you  are  using  an 
electronic  calculator,  the  correct  answer  will  be  given  by  inserting  the  number  and  pressing 
log  or   Inx.  )  , 

Determine  the  logarithms  both  for  base  10  and  base  "e"  of  the  following  numbers:  (Round 
off  to  nearest  5  decimal  places) 

Number  Common  Lopjarithm  ■    Natural  Logarithm  (Base  "e") 

1.    100  ^ 


.2.   22  V 


3.  13,000,000 

4.  0.000122 

5.  10 

6.  "e" 

7.  1 

8.  2 

9.  pi 


(NOTE:  "e"  equals  2.718281828...  and  "pi"  equals  3.141592654...) 

10.  Notice  that  the  values  for  the  logarithm  of  the  number  "1"  was  the  same  for  both 
bases.  In  general,  if  B  is  any  positive  number,  the  value  of  B"  is  equal  to 

11.  As_sume  th^t  V  =  e'-^/^C)    ^^^^^  ^^^^^      ^  ^^^^  t  =  10,  R  =  1  x  lO^,  and 
C    2  X  1 0  ? 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

4.  A.  447 

B.  569 

C.  656 

D.  1.01647 

5.  A.  30 

B.  15.5 

C.  Can't  divide  by  0 

D.  4.468 

E.  0.0000013 

F.  (1)  6.48 

(2)  6.22 

(3)  255.67 

(4)  17.66 

G.  (1)  58.96 

(2)  30.58 

(3)  9.68 

6.  A.  1.4142 

B.  285.61 

C.  1.12403 

D.  8 

E.  1.7321 

F.  0.03150 

7.  A.  2,4.60517 

B.  1.56644,3.60686 

8.  A.     .70711,  .70711,  1 

B.  0.93969,  -.34202,  -2.74748 

C.  0.5,  0.86603,  0.57735 

D.  30 

Assignment  Sheet  #2: 

1.  44.7 

2.  0.5423 

3.  0.0193 

4.  0.000837 

5.  0.00000000571 

6.  5.45 

7.  0.00375 

8.  B 

9.  29.56 
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Assignment  Sheet  #3 

1.  A.  1000  2. 

B.  1111 

C.  10000 

D.  11 

E.  1 

F.  11001 

Assignment  Sheet  #4 

1.  9.6  X  10^ 

2.  4.65  X  10"^ 

3.  1.234  X  10^ 

4.  2.165  X  10"^ 

5.  3.4  X  10'^  amps 

6.  4.50  X  10^  tons 

7.  1.5  X  10"^  farads 

8.  2.25  X  10'^  amps 

9.  4.35006  X  10^ 

10.    1.645  X  10^  watthours 
Assignment  Sheet  #5 


Angle 

Sin 

1. 

45° 

0.70711 

2. 

180° 

0.00000 

3. 

90° 

1 .00000 

4. 

30° 

0.50000 

5. 

60° 

0.86603 

6. 

15° 

0.25882 

7. 

pi 

0.00000 

8. 

pi/6 

0.50000 

9. 

89.5° 

0.99996 

A.  7 

B.  11 

C.  63 

D.  37 

96x10^ 
4.65  X  10'^ 

12.34  X  10°  (or  just  12.34) 

21.67  X  10'^ 

34  X  10'^  amps 

450  X  10^  tons 

15x10"^  farads 

22.5  X  10"^  amps 

435.006  X  10° 

1.645  X  10^  watthours 


Cg<:_ 

If 

o:  071-1 

)000 

1  .OGCOO 

o.oooco 

o.oucoo 

infinity  (indeterminate) 

0.86603 

0.57735 

0.500CC 

1 .73205 

0.96593 

0.26795 

1 .00000 

0.00000 

0.86603 

0.57735 

0.00873 

f  14.58865 

Assignment  Sheet  #6 
Number 

1.  100 

2.  22 

3.  13  X  10^ 

4.  1.23x10^ 
-  5.  10 

6.  "e" 

7.  1 

8.  2 

9.  "pi" 

10.  1 

11.  0.00674 


Common  Log. 
2.00000 
1.34242 
7.11394 
-3.91009 
1 .00000 
0.43429 
0.00000 
0.30103 
0.49715 


BE  -  121-C 

Natural  Log. 
4.60517 
3.09104 
16.38046 
-9.00333 
2.30259 
1 .00000 
0.00000 
0.69315 
1.14473 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 


NAME_ 
TEST 


1 .   Match  the  terms  on  the  right  with  the  correct  definitions. 


a . 

rvtjyb  inai  enier,  cnange,  or  erase  numuers 

1 . 

Register 

b. 

Keys    that    perform    mathematical  opera- 

2. 

Scientific  notation 

tions,  or  that  move  data  from  one  regis- 

ter to  another 

3. 

Data  keys 

c. 

Locations   in   a  calculator  where  numbers 

4. 

Logarithm 

are  placed  for  processing 

The   exponent  to  which  a  base  is  raised 

5. 

Engineering  notation 

d. 

to  give  a  particular  number 

6. 

Function  keys 

e. 

One  of  a  pair  of  numbers  whose  product 

7. 

Reciprocal 

is  one 

f. 

8. 

Significant  digits 

The  expressing  of  numbers  as  the  product 

of  a  number  between   1  and  10,  and  an 

appropriate  power  of  10 

g. 

Expressing  numbers  as  the  product  of  a 

number  between  1  and  1000  and  a  power  of 
10  which  is  a  multiple  of  3 

_h.  The  digits  in  a  number  considered  to  be 
reliable 


2.   Match  the  data  keys  on  the  right  with  their  functions  on 
an  electronic  calculator. 


_a.  Digit  keys 

_b.  Decimal  point 

^c.  Pi  (3.14159...) 

_d.  Change  sign  key 

_e.  Clear  or  erase  numbers  in  the  display  or  in 


storage  register 
f.   Enter  exponent 


1.  |T| 

2.  |  EE[or(B^or|i^ 

3.  JTjthrougf^ 
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Match  the  tunction  keys  on  the  right  with  their  correct  functions. 

 a-  Inverse    key   which    reverses   the  purpose 

of  the  next  key  pressed 

 b.  Grouping  to  insure  correct  order  of  arithmetic 

operations 

 c.  Exchange  value  ^  in   display,  with  value  in 

memory  ^ 

___d.  Sum  value  in  display  into  memory 

 e.  Recall  from  memory 

 f.  Store  in  memory 

 g.  The  base  y  to  the  x  power 

 h.  Constant    key    used    for   repetitive  opera- 
tions ' 

 i.    Places  the  calculator  in  the  degree  mode 

 j-    Calculate  the  tangent  of  number  in  display 

 k.  Calculate  the  cosine  of  number  in  display 

 I.    Calculate  the  sine  of  number  in  display 

 m.  Calculate  common  logarithm 

n.  Calculate  natural  logarithm 


_o.  Calculate   square   root  of  number  in  dis- 
play 

_p.  Square  the  number  in  display 

_q.  iCalculate  reciprocal  of  number  in  display 

_r.   Complete  the  arithmetic  and  display  the 
answer 

__s.   Change   percentage   number  to  a  decimal 
_t.    Divide  by  the  next  number 
^u.  Multiply  by  next  number 
_^v.  Subtract  the  next  number 

_^w.  Add  the  next  number  ^ 


3. 

4. 

1  sin  j 

5. 

1  Drg  1 

1  STO 

7. 

1  EXC  1 

M 

10.  1 

ri7x"i 

11.  1  Inx  j 

12.  1 

1  cos  1 

13. 

1  K  1 

14.  1 

1  RCLl 

5.  1 

(   )  1 

6.t~| 


18. 

1x2  1 

19. 

1  log  i 

20.  1 

1  tan  1 

21. 

22. 

SUM 

23.  1 

I  INV  1 
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Match  the  major  categories  of  the  number , system  on  the  right  with  the  correct 
descriptions. 


a. 

ini^iuucd  cx£i\j  diiu  pusikivc  integers 

1. 

Real  numbers 

b. 

A   non-negative    integer   which    is  neither 
positive  or  negative 

2. 

Fractions 

c. 

The  counting  numbers  or  whole  numbers  of 

ari  t  h  mpt  In 

3. 
4. 

Complex  numbers 
Zero 

d. 

Includes  non-negative  integers  and  negative 
inteae  rs  • 

5. 

Non-negative 
integers 

e. 

Expressed  in  the  torm  p/q  where  q  is  not 
equal  to  zero  and  q  does  not  divide  evenly  • 
into  p. 

6. 

1  rrational 
numbers 

f. 

Includes  integers  and  fractions 

7. 

Positive 
integers 

g- 

Includes    rational    numbers^  and  irrational 
numbers 

8. 

Rational 
nurpbers 

h. 

Numbers  which  cannot  be -expressed  in  the 
form  p/q 

9. 

Integer 

i.    Includes  real  numbers  and  imaginary  num- 
bers 


Select^true  statements  about  the  decimal  and  binary  systems  of  numeration  by  placing 
an   X   in  the  appropriate  blanks. 

 9-   In  the  decimal  system  of  numeration,  the  base  is  10 

 ^-  "^'Q'^s  have  place  value  in  both  the  decimal  and  binary  system  of  numeration 

 c.  There  are  nine  digits  (1,  2,  3,  4,  5,  6,  7,  8,  and  9)  in  the  decimal  system  of 

numeration 

 d.  Position  placement  of  a  digit  is  10  times  greater  in  one  position  than  the 

position  on  its  right  in  the  decimal  system 

___e.   In  the  binary  system  of  numeration,  the  base  is  1 

 f.   Position  placement  of  a  digit  is  two  times  greater  than  position  on  the  right 

in  the  binary  system 
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Express  the  following  numbers  in  scientific  notation. 

a.  1 36,000,000  -   

b.  0.000001204  = 


State  the  laws  of  exponents  when  multiplying  and  dividing. 

a.  Multiplication-  '  '  : 

b.  Division- 


Arrange  in  order  the  operations  of  computations  by  placing  the  correct  sequence 
number  in  the  appropriate  blanks. 

 a.  Multiply  and  divide  in  order  from  left  to  right 


_b.  When  parenthesis  are  present,  perform  the  operations  within  the  paren- 
thesis 

_c.  ^dd  and  sijbtract  in  order  from  left  to  right  ' 
^d.  Ffti^S||fcj|;jase  to  power  indicated 


Match  the  trigonometry  functions  on  the  right  with  the  statements  which  describe 
them  onthe  left. 


 a.  Values  range  from -1  to  1-1  i.  Sine  function 

(sine0) 

 b.  In-  right  triangle,  is  ratio  of  opposite  side  to 

adjacent  side  2.  Cosine  function 

(cos0) 

 c.   In  unit  circle,  is  Ifength  of  adjacent  side 

3.  Tangent  function 

 d.  In  this  function,  values  can  be  any  real  (tan  Q) 

^  number 

 e.   In  right  triangle,  is  ratio  of  opposite  side  to 

hypotenuse 

 f.    In  right  triangle,  is  ratio  of  adjacent  side  to 

hypotenuse 

^  g.   In  unit  circle,  is  length  of  tangent  line  to 

extended  radius 

 h.  In  unit  circle,  is  length  of  opposite  side 


ERJC 


BE  -  127-C 


10.  Demonstrate  the  ability  to: 

a.  '  Use  an  electronic  calculator 

b.  Solve  combined  multiplication  and  division  problems. 

c.  Convert  numbers  between  binary  and  decimal  systems. 

d.  Express  numbers  in  scientific  and  engineering  notation. 

e.  Obtain  trigonometry  function  values. 

f.  Determine  logarithms  of  numbers. 

(NOTE:  If  these  activities  have  not  been  ac(5omplished  prior  to  the  test  ask  your 
instructor  wj^en  they  should  be  completed!) 
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SCIENTIFIC  CALCULATIONS 
UNIT  III 


ANSWERS  TO  TEST 


J. 

.\ 

('. 

7 

h 

(i 

f. 

2 

( 

] 

()■ 

!i 

(I. 

A 

i) 

3 

(i. 

G 

I)  ^ 

b 

e. 

4 

I*. 

1 

I 

f . 

2 

4). 

23 

i. 

5 

q. 

10 

1) 

15 

j. 

20 

r. 

2 

i:. 

7 

k. 

12 

s. 

17 

ci. 

22 

1. 

4 

t. 

9 

e. 

14 

rn. 

19 

u. 

1 

f. 

6 

n. 

11 

V. 

16 

21 

0. 

3 

w. 

8 

h. 

13 

P- 

10 

ii . 

d. 

9 

g- 

1 

h. 

4 

e. 

2 

h. 

6 

c. 

7 

f. 

8 

i. 

3 

a. 

1.36x  10^^ 

b. 

1.204  >; 

10-^ 

a. 

(B^'x  B 

(m  + 

n) 

b. 

3"^=  B  ' 

m  -  n) 

B" 

a. 

3 

c. 

4 

b. 

1 

d. 

2 

a. 

1  and  2 

d. 

3 

g- 

b. 

3 

e. 

1 

h. 

c. 

2 

f. 

2 

Evaluated  to  tfie  satisfaction  of  the  instructor. 
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RESISTANCE 
UNIT  IV 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  about 
types  of  fixed  resistors  and  the  structure  of  adjustable  resistors.  The  student  should  also  be 
able  to  determine  the  resistance  value  from  given  color  codes  and  measure  circuit  resistance 
with  an  ohmmeter.  This  knowledge  will  bt-  evidenced  by  correctly  performing  the  proced- 
ures outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  'unit  t^st 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  electrical  resistance  with  their  correct  definitions. 

2.  Select  true  statements  about  types  of  fixed  resistors. 

3.  Distinguish  between  the  two  types  of  adjustable  resistors. 

4.  Select  true  statements  about^the  composition  of  fixed  resistors. 

5.  Select  true  statements  about  the  structure  of  adjustable  resistors. 

6.  Select  from  a  preferred  resistance  value  chart  resistors  that  are  readily  available. 

7.  Match  resistor  symbols  and  abbreviations  with  the  terms  that  describe  them. 

8.  State  two  methods  of  determini/ig  resistor  values. 

9.  Discuss  the  color  code  four  band  system. 

10.  Discuss  the  color  code  five-band  system. 

11.  Complete  a  resistor  color  chart. 

12.  Compute  the  value  of  a  resistor  using  the  color  chart. 

13.  List  five  parts  of  an  ohmmeter. 

14.  Determine  the  resistance  values  from  given  color  codes. 

15.  Demonstrate  the  ability  to  measure  circuit  resistance  with  an  ohmmeter. 
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-  RESISTANCE 
UNIT  IV 

rUGGESTED  ACTIVITIES 


1. 

Provide  student  with  objective  sheet. 

1.. 

ProviJe  student  with  ■  formation,  assignment,  and  job  sheets. 

III. 

Make  transparencies. 

IV. 

D'scuss  unit  and  specific  objectives. 

V. 

Discuss  information  and  assignment  sheets. 

VI. 

Demonstrate  and  discuss  procedures  outlined  in  the  job  sheet. 

Vll. 

Give  test. 

INSTRUCTIONAL  MATERIALS 

1.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1 .  TM  1  "Resistance 

2.  TM  2-Types  of  Resistors 

3.  TM  3-Symbuls  Used  For  Resistan^aod-Resi^ors 

4.  TM  4 -ResistorjC^KrodrC'^  -t 

5.  ..T'lVTB-Ohmmeter  Scale  and  Range  Settings 

D.  Assignment  Sheet  #1 --Determine  Resistor  Values  From  Gi  en  Color  Codes 

E.  Answers  to  assignment  sheet 

F.  Job  Sheet  #1 -Measure  Circuit  Resistance  With  An  Ohmmeter 

G.  Test 

H.  Answers  to  test 
II.  References: 

A.    Grob,  Bernard.  Basic  Electronins.  New  York:  McGraw-Hill  Book  Co.,  1977. 
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B.  Marcus,  Abraham,  and  Samuel  E.  Gendler.  Basic  Electronics.  Englewood 
Cliffs,  NJ:  Prentice-Hall,  Inc.,  1971. 

C.  Reference  Data  For  Radio  Engineers,  Fifth  Edition,  New  York:  Howard  W. 
Sams  Ci  Co. 
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RESISTANCE 
UNIT  IV 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Resistance-Opposition  which  a  device  or  material  offers  to  the  flow  of 
electric  current  (Transparency  1 ) 

(NOTE:  All  materials  have  resistance,  but  some  materials  have  more  than 
others.) 

B.  Resistor-A  circuit  component  specifically  designed  to  oppose  the  flow 
of  electrical  current 

C.  Ohm--The  unit  of  measurement  of  resistance 

(NOTE:  One  ohm  is  the  value  of  resistance  present  when  a  potential  differ- 
ence of  one  volt  causes  a  current  of  one  ampere.) 

D.  Ohmmeter-An  instrument  used  for  measuring  resistance 

E.  Wattage  (power)  rating-The  maximum  amount  of  electrical  power  (volt- 
age and  current)  that  can  be  applied  to  a  resistor 

F.  Kilohm-One  thousand  ( 1 ,000  or  1 0^)  ohms 

(NOTE:  This  word  comes  from  the  Greek  "kilo"  which  means  "thousand".) 

G.  Megolim-One  million  (1,000,000  or  10^)  ohms 

(NOTE:  This  word  comes  from  the  Greek  "nnega"  which  means  "million".) 

H.  Tolerance-The  percentage  above  or  below  that  a  resistor's  value  can  differ 
from  its  specified  value 

Eji^ple:  A  100-ohm  resistor  with  a  toLrance  of  10%  should  have  an 
actual  resistance  value  somewhere  in  the  range  of  90  to  110 
ohms,  that  is,  within  10%  above  or  below  the  specified  value 

I.  Fixed  resistor-A  resistor  with  a  resistance  value  that  cannot  be  varied 

J.     Adjustable  resistor-A  resistor  with  a  resistance  value  that  can  be  clj(nged 

(NOTE:  Common  methods  of  adjustment  include  a  moveable  tab,  screw- 
driver adjustment,  control  knob,  or  similar  device.) 
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INFORMATION  SHEET 

Types  of  fixed  resistors  (Transparency  2) 

A.  Carbon  composition 

1.  Ratings-Made  with  wattage  ratings  of  1/8,  1/4,  1/2,  1,  and  2  watts 
(NOTE:  In  general,  the  larger  the  physical  size  the  higher  the  wattage.) 

2.  Values-Made  in  resistance  values  ranging  from  one  ohm  to  twenty 
million  ohms 

3.  Application-Made  for  use  in  low  power  applications 

B.  \Vire  wound  . 

1.  Ratings-Made  with  wattage  ratings  ranging  from  about  three  to  several 
hundred  watts 

2.  Values-Made  in  resistance  values  ranging  from  less  than  one  ohm 
to  several  thousand  ohms 

3.  Application-Made  for  use  mainly  in  low  resistance,  high  power  appli- 
cations 

C.  Film  and  ceramic 

1.  Ratings-Made  with  wattage  ratings  ranging  from  1/20  to  two  watts 

2.  Values-Made  in  resistance  values  ranging  from  less  than  one  ohm 
to  several  thousand  ohms 

3.  Application-Made  for  use  in  low  power  applications 
Types  of  adjustable  resistors  (Transparency  2) 

A.  Variable  (tapped) 

1 .  Values-Made  with  adjustable  resistance  values  ranging  from  zero 
to  the  maximum  of  the  component 

2.  Application-Made  for  use  as  voltage  dividers 

B.  Rheostat/Potentiometer 

1.  Values-Made  with  adjustable  resistance  values  ranging  from  zero 
to  the  maximum  of  the  component 

2.  Application-Made  for  use  as  dimmer  controls  and  in  electronic  adjust- 
ment applications 
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IV.  Composition  of  fixed  resistors 

A.  Composition  resistors  are  made  of  powdered  carbon  or  graphite  mixed 
with  insulating  material 

B.  Wire  wound  resistors  are  made  by  winding  resistance  wire  around  an  insulat- 
ing core 

C.  Film  and  ceramic  resistors  are  made  by  depositing  a  thin  film  of  resistive 
material  on  an  insulating  core 

V.  Structure  of  adjustable  resistors  (Transparency  2) 

A.     Variable  resistors  (tapped)  are  made  with  two  or  more  fixed  terminals 
and  a  movable  terminal 

3.     Potentiometers  are  made  with  two  fixed  terminals  and  one  adjustable 
terminal  with  a  movable  wiper 

(NOTE:  Movement  is  accomplished  with  knob  and  shaft,  screwdriver,  or 
movable  tab.) 

C.     Rheostats  are  made  with  one  fixed  and  one  movable  terminal 
VI.       Preferred  resistance  values 

A.    The  chart  in  Figure  1  shows  preferred  resistance  values  for  resistors  with 
tolerances  of  +  20%,  +  10%,  and  +  5% 


B.  The  chart  in  Figure  1  is  based  on  USA  Standard  C83.2 

C.  "Preferred  values"  means  that  the  U.S.  Government  recommends  that 
manufacturers  make  and  supply  resistors  in  these  values  to  stores 

D.  Reasons  for  preferred  values 

1.   Helps  limit  the  numbers  of  parts  that  need  to  be  manufactured  and 
stocked 
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2.  Helps  insure  availability  of  interclnangeable  resistors 
PREFERRED  RESISTANCE  VALUES 


20% 

10% 

_5% 

10 

10 

-- 

-- 

11 

-- 

12 

12 

-- 

13 

15 

15 

15 

-- 

16 

-- 

18 

18 

22 

22 

22 

-- 

24 

-- 

27 

27 

30 

33 

33 

33 

36 

39 

39 

43 

47 

47 

47 

51 

56 

56 

62 

68 

68 

68 

75 

82 

82 

91 

100 

100 

100 

FIGURE  1 

E.  To  find  resistance  values  larger  or  smaller  than  the  numbers  given  in  the 
table,  multiply  the  given  number  by  the  proper  multiple  of  ten  (  01  1  10 
100,  1000,  etc.)  "  '  ' 

Example:  The  30  in  the  chart  under  the  +  5%  column  means  that  resis- 
tors with  +  5%  tolerance  can  be  purchased  in  decimal  multi- 
ples such  as  .3,  3,  30,  300,  3,000,  or  30,000 

F.  Dashes  in  the  ^  109^0  and  J;;    20%   columns  indicate  resistance  values  that 
are  not  available  in  these'tolerances 

Example:  Resistors  in  the  24-ohm  series  (.24,  2.4,  24,  240,  2400,  24000, 
etc.  ohms)  are  available  only  with  a  tolerance  of  +  5% 

Symbols  used  for  resistance  and  resistors  (Transparency  3) 

A.     Ohm  - S2 

(NOTE:  n  is  ihe  Greek  capital  letter  "omega".) 
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B.  Kilohm  (1000  ohms)  -K  or  K  r2 

C.  Megohm  (1,000,000  ohms)  -M  or  M  il 

D.  Resistor  schematic  symbol  - --'VVXAAAA/^^ — 

E.  Resistor  letter  symbol-  R 

,     F.     First,  second,  tliird,  etc.,  resistors,Mn  a  circuit--R1,  R2,  R3,  etc. 

G.  Adjustable  (tapped  wire)  resistor-  c>--^>y\/\/\/\/\/ — o 

^— — o 

H.  Potentiometer-  o— AAAAAAy— o 

^  o 

(NOTE:  Variable  resistors  and  potentiometers  both  have  three  terminals 
vvitfi  one  inovable  so  their  schematics  are  the  same;  fiowever,  a  rfieostat 
has  only  two  terminals  with  one  movaljle  so  the  scliematic  symbol  is  dif- 
ferent.) 

I.  Rheostat  o— ^\y\AAAAA—  


VIM.       MetfM)ds  of  determining  resistor  valutas 

A.     Large  wattage  lesistors  liave  their  value  stamped  on  the  resistor 

Examf)le:  47  I>.  47  K  <l,  47  M  il 
"1      Sfnail  watlag'j  resistor  values  are  determiniKl  by  color  [)ands 

IX.  The  color  code  four  l)and  system  (Transparency  4) 
A.     First  l)ancJ  First  digit  of  value 

3.     Second  band  Second  digit  of  value 

C.  TliircJ  l)and  Multiplier  (power  of  ten)  r 

D.  Fourth  l)and  Tolerance 

X.  Tfie  color  cocJe  five  band  system  (Transparency  4) 
A.     First  l)and  First  digit  of  value 

3.     Second  l)and  Second  digit  of  value 
.C.     Tfiird  band*  Multi[)lier  (power  of  ten) 
D.     Fourth  l)and-  Tolerance 
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E.     Fifth  band-Percent  of  failure  per  1000  hours  during  reliability  tests 

(NOTE:  The  five  band  system  is  used  mostly  in  military  applications.) 
The  resistor  color  chart 


Memory  Starter 

Color 

Value 

J  ad 

Black 

0  ■ 

Boys 

Brown 

1 

Race 

Red 

9 

Our 

Orange 

o 

,  Youncj 

Yellow 

4 

Girls 

Green 

5 

B_ut 

3_!ue 

6 

Violet 

Violet 

7 

Gofipral  ly 

Gray 

8 

Wins 

White 

9 

Oetf^rmininc]  resistor  values  with  the  color  chart 

A.     Always  read  left  to  rt:]ht  starting  with  the  band  closest  to  the  end 


Example:  I  f  the  first  color  on  the  left  is  yellow,  the  first  number  is  4 

B.  Place  the  value  of  the  second  color  next  to  the  first  value 

Exam[)le:  If  the  second  color  is  violet,  the  value  is  7,  so  combined  with  4, 
the  first  two  values  become  47 

C.  Add  zeros  to  indicate  the  value  of  the  third  color  which  is  the  decimal 
multiplier 

ExatTif^le:  If  the  third  color  is  orange,  the  value  is  3",  so  add  47,  three  zeros 
and  the  value  then  becomes  47,000 

D.  When  qolcl  or  silvf^r  are  used  as  a  third  band,  they  too  become  decimal 
nujlti[)liers,  qold  is  a  nuHti[)lier  of  0.1 ,.. silver  is  a  multiplier  of  .01 

E.  Gold  or  silver  used  as  a  fourth  hand  indicates  tfie  accuracy  of  the  resistance 
value;  fjoid  moans  5^^  accuracy  (tolerance)  and  silver  means  10%  accuracy 
(tolerance) 

Exam[)le:  Yellow  violet-orange-gold  ^  47,000  +  5%  ofims 

Yellow-violet-black-gold  -47  +"  5%  ohms 

Yellow-violet-qold-silver    4.7  10%  ohms 
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XIII.       Parts  of  an  ohmmeter  (Transparency  5) 

A.  Indicator 

B.  Scale 

C.  Range  selector  switch 

(NOTE:  On  the  range  selector  switch  of  a  typical  ohmmeter,  three  selections 
may  be  made:  R  x  1  (multiply  indication  by  1),  R  x  1000  (multiply  indica- 
tion by  1000),  and  R  x  10,000  (multiply  indication  by  10,000).) 

D.  Connecting  leads 

E.  .    Ohms  adjust  or  zero  adjust  control 

(NOTE:  Many  ohmmeters  are  combined  with  voltmeters  and  ammeters  in 
one  instrument  called  a  multimeter.  This  instrument  has  many  scales  used 
for  reading  resistance,  voltage  or  current,  and  a  selector  switch  for  selecting 
the  proper  function.) 
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Resistance 


Resistance  is  opposition 
to  current  flow 


Definition:  Resistance  can  be  said 
to  be  the  internal  friction 
involved  in  the  passing  of 
electrons  through  a  wire. 

Symbol:  R 

Measured  in:  Ohms 

Instrument  used  to  measure:  Ohmmeter 
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Types  Of  Resistors 


FIXED 


cided 
ce  elemen 


Tinned  leads^ 


Carbon-Composition  Resistors 


3-Wound  Resistor 


ADJUSTABLE 


Carbon-Composition  Potentiometer 


Wire-Wound 
Variable  Resistor 


Film-Element  Resistor 


Wire-Wound 
Potentiometer 


Wire-Wound  Rheostat 

)  . 


Symhols  Used  ^or  Resistance  And  Resistors 


ITEM 

LEiTER 
SYMBOL 

GRAPHIC  (SCHEMATIC) 

oYIvIdOL 

)HM 

'GREEK  CAPITAL 
LETTER -OMEGA  ')    ^,  J 

ILOHM 

K„,K  Q 

lEGOHM 

M  or  M 

tolo  1  Un 

R 

— VXAAAAAA— 

inbl,  SECOND, 
HiRD,  ETC 
ESISTOR 

R  1.  F  2, 
n  3,  etc,  . 

'TRIABLE  (TAPPED 
IRE)  RESISTOR 

R 

° — ^AAA^/WVW 

DTENTiOMETER 

^>--vvw\/wvv-^ 

 0  ^ 

HEOSTAT 

R 

0  yV\A/vAAAAy 
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Resistor  Color-Code  Chart 


Band  1 

Band  2 

Band  3 

Band  4 

Band  5* 

Color 

1st 
Digit 
(Number) 

2nd 
Digit 
(Number) 

Multiplier 

Tolerance 
(per  cent) 

Reliabilitv 
(per  cent) 

Black 

0 

0 

10° 

1 

Brown 

1 

1 

ioi 

10 

1 

1.0 

Red 

2 

2 

102 

100 

2 

0.1 

Oryange 

3 

3 

1  0-^ 

1,000 

3 

0.01 

Y^low 

4 

4 

10^ 

10,000 

4 

0.001 

Green 

5 

5 

10^ 

100,000 

Blue 

6 

6 

1,000,000 

Violet 

7 

7 

10,000,000 

Gray 

8 

8 

108  100,000,000 

White 

9 

9 

109 1,000,000,000 

Gold 

10-1 

0.1 

5 

Silver 

10-2 

0.01 

10 

none 

20 

Not 
tested 

Mnemonic  (a  way  to  remember)  for  the  Color  Code        '  Band  5  applies  to  resisl :.  s  made  for  military  use. 


£AD  BOYS  RACE iJURXOUNG  filRLS  ^UT  VIOLET  £ENERALL>  WINS 
01         234         5678  9 
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Ohmmeter  Scale  and  Range  Settings 


1.000 


2,000 


oo 


*  THE  oo  SYMBOL 
MEANS  "INFINITY" 
OR  INFINITE 
RESISTANCE 


WITH  RANGE  ADJUST 
SET  ON 

METER  INDICATION 
13 

R  X  1 

12  X  1 

or  12 

Ohms 

R  X  100 

12  X  1,000 

or  12,000 

Ohms 

R  X  10,000 

12  X  10,000 

or  120,000 

Ohms 

TM  5 
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UNIT  IV 


ASSIGNMENT  SHEET  #1-DETERM1NE  THE  RESISTANCE 
VALUES  FROM  GIVEN  COLOR  CODES 


1 .   ComiDufe  tlie  value  of  the  following  resistors 
a. 


I   I  i 

red  red  orange 


onms  or 


K 


E 


I    I  \ 

gray  red  black 


>hms 


a-  yellow  violet  orange 


ohms  or 


1  ill 


I      I     I  \ 

red  red  red  silver 


ohms  or 


I    I  \ 

rjci  red  blue 


ohms  or 


K 


Ovy/n  brown  gc 


o^ims 


lii 


\'ellow  violet  greer. 


or 


_ohms  or 
M 


ERIC 


268 


ASSIGNMENT  SHEET  #1 


violet  brown 


red 


gold 


IJili 


red  violet 


gray 


I  ill 


silver 
I 


brov\/ii 


orange  orange 


blue  gold 
green    I     j  gold 

mm 


I  orange 


brown    1  1 
1    1  1 

gold 

lii 

1 

1 

ohms 


tolerance  + 


ohms  or 


tolerance  + 


ohms  or 


tolerance  + 


ohn^ 


tolerance  + 


•■  -'um  value  you  wculd  expect  resistor  "d"  to  have  is    o^ns  and 

^h'   f^iaximum  value  you  ^/.ould  expect  is   c:ims  (assuming  :1      it  is 

^vitliin  tolerance) 

Refer  to  the  resistors  above  and  answer  the  ollowing  questions.  """^ 
a.      If  the  circuit  voltige  is  constcnt,  which  resistor  would  pass  the  greatest  current? 


b.     If  the  circuit  vo.loge  is  constant,  which  resistor  would  pass  the  least  current? 


What  is  the  largest'  value  resistor  "g"  can  have  and  still  be  within  tolerance? 


The  fifth  color  ban.  .n  resistors      and  "k"  above  represents  resistor 


BE  -  155-C 

'■  RESISTANCE 
UNIT  IV 

ANSWERSTO  ASSIGNMENT  SHEET 

Assignment  Sheet  #1 


a. 

22,000  ohms  or  22  K  ^ 

g- 

4,700,000  ohms  or  4700  K  ^  or  4.7  M  ^ 

b. 

82  ohms 

h. 

270  ohms,  tolerance  +  5% 

c. 

47,000  ohms  or  47  K  n 

i. 

82,000,000  ohms  or  82    K  ^  tolerance  +  10% 

d. 

2200  ohms  or  2.2 

i- 

13,000  ohms  or  13  K  ^  ,  tolerance  +  5% 

e. 

6200  ohms  or  6.2  K  n 

k. 

5.6  ohms,  tolerance  5% 

f. 

1.1  ohms 

1980  ohms  minimum  (2200  - 

220) 

ohms  maximum  (2200  +  10%) 

a. 

f 

V 

b.  g  , 

c.  :3.64  megohms  (4.7  megohms  +  20%  -  4.7  +  .94  -  5.64  megohms) 
4.  Reliability 


2SS 
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RESISTANCE 
UNIT  IV 

JOB  SHEET  #1  -MEASURE  CIRCUIT  RESISTANCE  WITH 
AN  OHMMETER 

I.      Tools  and  materials 

A.     Ohmmeter  or  multimeter  with  ohmmeter  capability 
3.     Five  assorted  resistors  with  color  code  markings 
C.     One  lamp  or  light  bulb 
11.  Procedure 

A.  Read  and  record  the  value  of  each  resistor  as  indicated  by  the  color  code 
markings 

B.  Connect  the  ohmmeter  to  each  resistor  and  record  the  measured  value 
beside  the  color-coded  value 

C.  Write  "IN"  if  the  measured  value  is  within  the  tolerance  indicated  by  the 
color  code  markings  and  write  "OUT"  if  this  is  not  true 

D.  Measure  and  record  the  resistance  of  the  lamp 

(NOTE:  Discuss  any  difficulty  with  this  measurement  with  your  instruc- 
tor.) 

E.  Return  tools  and  materials  to  proper  storage  area 
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RESISTANCE 
UNIT  IV 


NAME 


TEST 
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1 .   Match  the  terms  on  the  right  with  the  correct  definitions. 

■   a-  The  percentage  above  or  below  that  a 

resistor's    value   can   differ   from  its 
specified  value 

 b.  The  unit  of  measurement  of  resistance 


_c.  A  resistor  with  a  resistance  value  that 
can  be  changed 

__d.  A  circuit  component  specificalFy  de- 
signed to  oppose  the  flow  of  electrical 
current 

_^e.  Opposition  which  a  device  or  material 
offers  to  the  flow  of  electrical  current 

f.   One  thousand  ohms 


1. 

Resistance 

2. 

Resistor 

O. 

unm 

4. 

Ohmmeter 

5. 

Wattage 

rating 

6. 

Kilohm 

7. 

Megohm 

8. 

Tolerance' 

9. 

Fixed  resistor 

10. 

Adjustable 

resistor 

 9-  A  resistor  with  a  resistance  value  that 

cannot  be  varied 

 h.  One  million  ohms 

 The   maximum    amount   of  electrical 

power  that  can  be  applied  lo  a  resistor 

 ^i-    An  instrument  used  for  measuring  resist- 

.  ance 

2.   Select  true  statements  about  types  of  fixed  resistors  by  placing  an  "X"  in  the  appro- 
priate blanks. 

 _a.  Carbon  composition  resistors  are  made  with  wattage  ratings  of  1/8  1/4  1/2 

1,  and  2  watts  >      >  , 

 b.  Carbon   composition    resistors   are   made   in   resistance  values  ranqinq 

from  one  ohm  to  twenty  million  ohms 

 c.  Carbon  composition  resistors  are  made  for  use  in  electronic  adjustment 

applications 

 ^d.  Wire  wound  resistors  are  made  with  wattage  ratings  ranging  from  three 

hundred  to  several  thousand  watts 


270 


.  6.  Wire  wound   resistors  are  made  in  resistance  values  ranging  from  less 

than  one  ohm  to  several  thousand  ohms 

 f-   Wire  wound  resistors  are  made  for  use  mainly  in  low  resistance,  high 

power  applications 

 ^9-   Fiinn  and  ceramic  resistors  are  made  with  wattage  ratings  ranging  from 

1/20  to  two  watts 

 h.  Film  and  ceramic  resistors  are  made  in  resistance  values  ranging  from 

less  than  one  ohm  to  several  thousand  ohms 

 '^'1^  and  ceramic  resistors  are  made  for  use  in  medium  power  appli- 
cations 

Distinguish  between  variable  and  rheostat  adjustable  resistors  by  placing  a  "V" 
next  to  descriptions  of  variable  adjustable  resistors. 

 a.   Made  for  use  as  voltage  dividers 

 b.  Mad.e  with  adjustable  resistance  values  ranging  from  zero  to  the  maxi- 
mum of  the  component 

 c.  Made   for  use  as  .dimmer  controls  and  in  electronic  adjustment  appli- 
cations 

Select  true  statements  about  the  composition  of  fixed  resistors  by  placing  an 
"X"  in  the  appropriate  blanks. 

 3-   Composition  resistors  a.e  made  of  powdered  carbon  or  graphite  mixed 

with  insulating  material 

 b.  Wire  wound  resistors  are  made  by  winding  resistance  wire  around  an 

insulating  core 

 c.   Film  and  ceramic  resistors  are  made  by  depositing  a  thin  film  of  resistive 

material  on  an  insulating  core 

Select  true  statements  about  the  structure  of  jul  stable  resistors  by  placing  an 
"X"  in  the  af:)pro[~)riate  blanks. 

 a.   Va.iable  resistors  are  made  with  two  (m  iii.ir-  fixed  terminals  and  .nov- 

able  end  terminals 

 b.  Potentiometers  are  made  with  two  fixed  terminals  and  one  adjustable 

terminal  with  a  movable  wiper 

 c.   Rheostats  are  made  with  one  fixed  and  two  movable  terminals 
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Select  from  the  preferred  resistance  value  chart  which  of  the  listf  d  rssistors  are  readily 
available  by  placing  an  "X"  in  the  appropriate  blanks. 


_a.   10^2, +^5% 
_b.  680  10% 
_c.  36  K      +  20% 
_d.  27  M  f2,  +  5% 
e.  310f2,+  5% 


_f.  4.3Kn, +  10% 

_g.  1 5  M  r2,  +  20% 

_h.  100  K      +  5% 

J.  70f2, +  10% 

J.  120  K  J2,  +  10% 


PREFERRED  RESISTANCE  VALUES 


+20% 
10 

15 
22 

33 

47 


68 


100 


+  10% 

10 

12 

15  . 

18 
22 

27 

33 

39 

47 
■56 

68 

82 
100 


-_5% 

10 
11 
12 
13 
15 
16 
18 
22 
24  • 
27 
30 
33 
36 
39 
43 
47 
51 
56 
62 
68 
75 
82 
91 
100 


_k.  430  n,  +  20% 
J.  22  M  n,  +_  IC% 
_nn.  330  H,  +_  20% 
_n.  830  K  f2,  +^  5% 
o.  4.7  M  n,+  10% 
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7.   Match  resistor  symbols  and  abbreviations  with  the  t 
describe  them. 


a. 

Ohm 

1 

b. 

Kilohm 

2 

c. 

1,000,000  ohms 

3 

d. 

Resistor  schematic  symbol 

4. 

e. 

Resistor  letter  symbol 

5. 

f. 

First  resistor  in  a  circuit 

6. 

g- 

Potentiometer 

7. 

h. 

Rheostat 

8. 

i. 

Variable  resistor 

9. 

erms  on  the  left  that  correctly 


-AA/y\A~0 

R1 


8.   State  the  two  methods  of  determining  resistor  valu 
a. 
b. 


es. 


^  o 


9.    Discuss  the  color  code  four  band  system. 


10.    Discuss  the  coior  code  five  band  system. 
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•  ■  '  j'^'-  I        i';  »  t(l;>r;i}  in       colors  jful  Vvilues  su(]gested  l)y 


f "  1 

Value 

?  - 





i). 

■ 

■   ' 

(j 

~     

f 

■-- 



\\ 

! 

f  - 

 -  - 

K — —  

•  < 

2  ^  ^ 
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1.  a. 

8 

f. 

6 

b. 

3 

g- 

9 

c. 

10 

h. 

7 

d. 

2 

i. 

5 

e. 

1 

)"• 

4 

2.  a. 

b,  e,  f,  g  , 

h 

-3.    a,  b  ■ 


RESISTANCE 
UNIT  IV 

ANSWERS  TO  TEST 


"4. 


a,  b,  c 


*6. 


a,  b,  d,  g,  h,  j,  I, 


77. 


a. 
b. 
■  c. 

t  u. 


5 
8 
3 
7 
4 


2 
1 

6 
9 


or  9 


or 


'8. 


19. 


1 1 


a. 

b. 


Large  wattage  resistors  have  their  value  stamped  on  the  resistor 
Small  resistor  values  are  determined  by  color  bands 


Discussion  should  include: 

a.  First  band-  First  digit  of  value 

b.  Secorpd  band  Second  digit  of  value 

c.  Third  band-multiplier 

d.  Fourth  band-  Tolerance 


'10.     Discussion  should  include: 


12. 


a. 

First  band- 

First  digit  of  value 

b. 

Second  band-  Second  digit  Oi  value 

c' 

Third  bsnd-  Multiplier 

d. 

Fourth  {  ^nd  Tolerance 

e. 

Fifth  bar)  f 

Percent  of  failure  pjr 

1000 

a. 

Biack 

f-      2  k. 

Green 

b. 

0 

g.      Orange  1. 

5 

c. 

Brown 

h.     3  m. 

Blue 

d. 

1 

i.      Yellow  n. 

6 

e. 

Red 

i      4  o. 

Violet 

'7 

_t5'-()  ohms 

p- 

r. 
r. 
s. 
t. 


7 

Gray 
8 

White 
9 
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13.  a.  Indicator 

b.  Scale 

c.  Range  selector  switch 

d.  Connecting  leads 

e.  Ohms  adjust  or  zero  adjust  control 

14.  Evaluated  to  the  satisfaction  of  the  instructor 

15.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


y 
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VOLTAGE  AND  MEASUREMENT 
UNITV 

f 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  demonstrate  the  ability  to 
measure  and  compare  the  voltage  of  different  batteries  and  noeasure  the  voltage  drops  in  a 
DC  circuit.  This  knowledge  will  t;e  evidenced  by  correctly  performing  the  procedures 
outlined  on  the  assignment  and        sheets  and  by  scoring  85  percent  on  the  unit  test. 

* 

SPECiFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  voltage  and  measurement  with  their  definitions. 

2.  Name  three  common  sources  of  voltage. 

3.  Match  symbols  and  abbreviations  related  to  voltage  and  measurement  with 
their  definitions. 

4.  Select  principal  parts  of  a  typical  voltmeter. 

5.  Arrange  in  order  the  procedures  for  using  a  voltmeter. 

6.  State  KVchhoff's  law  of  voltage. 

7.  Discuss  current  flow  in  a  resistive  circuit.  - 

/ 

8.  Discuss  polarity  in  a  resistive  circuit. 

9.  State  the  formulas  for  voltage  drops  in  resistive  circuits. 
10.    Rcr  J  voltr^u^ter  scales. 

1  1 .    Demonstrate  the  ability  to: 

a.  Measure  and  corn[)are  the  voltacje  of  tfiree  different  t)att(ines. 

b.  Measure  tfie  voltage  dro[)S  in  a  DC  circuit. 
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VOLTAGE  AND  MEASUREMENT 
UNIT  V 


SUGGESTED  ACTIVITIES 


I.  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VII.  Demonstrate  the  use  of  voltmeters,  probes,  and  auxiliary  equipment. 

VIII.  Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C-     Transparency  master 

1.  TM  1  Voltage 

2.  TM  2  Using  a  DC  >'oltmetPr  to  Measure  Voltage  Drop 

3.  TM  3' Voltmeter  Jcales  and  Range  Settings 

4.  TM  4  Kirchhoff's  Law  of  Voltage 

5.  TM  5  Voltage  Drops  in  a  Resistive  Circuit 

0.     Assignment  Sheet  #T  Read  Voltmeter  Scales 

E,  Answers  to  assignment  sheet 

F.  Job  sheets  ^'^ 

1.  Job  Sheet  #T  Measure  and  Compare  tfie  Voltage  of  Three  Different 
Batteries 

2.  Job  Sheet  #2  Measure  tfie  Vctage  Drop  in  a  DC  Circuit 
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G.  Test 

H.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics,  Fifth  Edition.   New  York:  McGraw-Hill 
1977. 

B,  Marcus,  Ab  aham,  and  Samuel  E.  Gendler.    Basic  Electronics,  Second 
ition.     Englewood  Cliffs,  NJ:    Prentice-Hall,  1971. 
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VOLTAGE  AND  MEASUREMENT 
UNIT  V 

INFORMATION  SHEET 

Terms  and  definitions 

A.  Voltage-Electrical  force  or  pressure  that  causes  the  flow  of  el  jctrical  current 
(electrons) 

B.  Volt-'The  unit  of  measurement  of  electromotive  force  (Tra.isparency  1) 

(NOTE:  One  volt  forces  one  ampere  of  current  through  one  ohm  of  resis- 
tance. I 

C.  Voituge  drop-Difference  in  voltage  measured  across  a  comoonen!  In  a 
circuit  ^Transparency  2) 

D.  Voltmeter-Instrument  used  to  measure  voltage 
Common  voltage  sources 

A.  Batteries 

B.  Generators/alternators 

C.  Electronic  power  supplies 

Voltage  symbols  or  abbreviations  and  definitions 
A.     EMF  or  emf-Eleccromotive  force 

(NOTE:  EMF  is  the  same  as  voltage.) 
R.     E  or  e  Voltage  source  or  applied  voltage 

C.  V  or  V-  Voltage  or  voltage  drop 

D.  KV  or  kv-  Kilovolt  (one  thousand  volts) 

E.  V  Mofjavolt  (one  million  volts) 

F.  mV  -Millivolt  (one-thousandth  of  a  volt) 

G.  /jV  Microvolt  (one-milliontfi  of  a  volt) 

H.  VM--Voltmeter 
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NFORMATION  SHEET 
■  Vj/'  * 

IV.  Princi[)al  parts  oi  a  voltmeter  (multimeter) 

A.  Connecting  lec-^Hs  or  probes 

B.  Functlofi  sw'trhes 

1.  Voltage,  urrent,  resistance 

2.  Dirert  current,  alternating  current 

C.  Mi^ltiple  .  se  scales  (Transparencies  3  and  4) 
C      F^anqp  switch  (to  select  proper  range)' 

liNJOTh-  A  range  position  should  be  selected,  when  possible,  for  the  middle- 
third  region  of  a  scale  where  the  meter  is  most  accurate.) 

V.  Proced    'js  for  using  a  voltmeter 

Hold  probes  by  insulated  part 
l     Assure  that  meter  will  read  expected  voltage 

C.  Rpt  range  switch  for  correct  range 

D.  L  se  correct  polarity  of  probes 

1 .  Negative  or  common  probe  toward  negative  of  power  supply 

2.  Positive  probe  toward  positive  of  power  su[)ply 
L.     Conoect  voltmeter  in  parallel  with  load 

F.  Read  voltage  on  mt^^jr 

G,  Remove  probes 

VL       Kirchhoff's  law  of  voltage  The  algebraic  sum  of  the  voltage  drops  around  a 
closed  loop  must  equal  the  applied  voltage    (Transparency  5) 

VII.       Current  flow  in  a  resistive  circuit 

A.  Ne()ative  to  f)ositive 

B.  Resultant  potential  across  resistance  (voltage  drop) 

VIII.       Polarity  in  a  resistive  circuit  -  ^ 

A.  End  nearer  negative  of  sup[Dly  is  negative 

B.  ■  End  nearer  ()ositive  of  supply  is  positive 
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INFORMATION  GHE^T 

IX.       Formulas  for  voltage  drops  in  resistive  circuits  (Transparency  6) 

A.  Voltages  in  circuit  equal  power  source:    V    +    V    =  E 

12 

B.  -    Algebraic  sum  of  voltage  drops  equal  zero:       +  V2  -  E  =  0   (Figure  1)' 


+ 


Example:  Point  A  is  most  negative  point  in  circuit 
Point  F  is  most  positive  point  in  circuit 
Point  B  is  negative  with  respect  to  Point  C 

Point  D  (same  as  Point  C)  is  negative  with  respect  to  Point  F 
Expressed  in  formula:  +  V2  =  E  op      +  V2  -  E  =--  0 


P 
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Voltage , 


Voltage  is  pressure, 
or  electromotive 
force 


Voltage  makes  electrons  "want  to  move"  —  Symbol:  E  or  V 

Measured  in:  Volts  —  Symbol:  V 

Instrument  used  to  measure:  Voltmeter.  Symbol  ^ 


Using  a  DC  Voltmeter  to  Measure  Voltage  Drop 
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VOLTMETER  SCALES 
AND  RANGE  SETTINGS 


READING  =  7.5V 


^00 


•V-   \  50 


/  ^ 


READING     70  VOLTS 


a 


,  RANGE 
^So  SWITCH 


RANGE 
SWITCH 
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Kirchhoff's  Law  of  Voltage 


The  algebraic  sum  of  the  voltages  around 
a  closed  loop  must  equal  the  applied 
voltage. 
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Voltage  Drops  in  a  Resistive  Circuit 


b 


E  - 


a  1/ 


3V0 


R1<  (v)V^-2V 


R2<  ^V^^SV 


f 


Applied  Voltage  (E)  =  10V 

Direction  oi  Electron  Flow:  Negative  (b)  to 

Positive  (a) 

Application  of  Kirchhoff's  Law  of  Voltage: 
V^  +  V2  +  V3  -  E1 
2V  +  5V  +  3V  -  10V 


5^0 
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VOLTAGE  AND  MEASUREMENT 
UNIT  V 


ASSIGNMENT  SHEET  #1-READ  VOLTMETER  SCALES 


irections:  Write  down  the  voltage  reading  indicated  by  the  scales. 


a. 


2^l 

o 
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ANSWERS  TO  ASSIGNMENT  SHEET  #1 
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VOLTAGE  AND  MEASUREMENT 
UNITV 

JOB  SHEET  #1-IVIEASURE  AND  COMPARE  THE  VOLTAGE  OF 
THREE  DIFFERENT  BATTERIES 

/ 

Tools  and  equipment 

A.  Multimeter  or  voltmeter  with  leads 

3.     Three  batteries  with  different  voltages 
Procedure 

^'    ?S  is";et\°o  D  V' '  °'         '  multimeter,  make  sure 

B.  Place  the  test  leads  in  their  proper  connectors  in  the  meter 

ioeTto  th? -r'^'''''  "'"^        '°  and  the  positive  lead 

goes  to  the    +  connector.) 

C.  Set  the  full-scale  reading  on  the  voltmeter  higher  than  the  expected  voltage 

D.  Hold  the  lest  leads  by  the  insulated  part 

In^^u^ina'rocM'  ''''  "^^^  °^  ^^^^ 

E.  Cor.nect  the  negative  lead  to  the  negative  terminal  of  a  battery,  then  connect 
the  positive  lead  to  the  positive  terminal  of  the  battery 

F.  Read  and  record  the  voltmeter  indication 

G.  Disconnect  one  of  the  meter  leads,  and  after  the  voltmeter  goes  to  zero 
reconnect  the  lead  ^  ' 

H.  Read  and  record  the  voltmeter  indication  again 

I.  Repeat  steps  F,  G,  and  H  a  third  time 

J.     Repeat  steps  F   G,  and  H  for  each  of  the  other  two  batteries  until  you 
record  a  total  of  nine  voltmeter  readings' 

(NOTE:  Discuss  the  following  in  class: 

1 .  The  importance  of  connecting  the  positive  lead  to  the  positive  terminal 
and  the  negative  lead  to  the  negative  terminal 

2.  How  to  obtain  an  accurate  voltmeter  reading  if  the  meter  pointer 
does  not  fall  exactly  on  a  scale  mark 


JOB  SHEET  #1 

3.  Compare  the  advantages  and  disadvantages  of  multimeters  with  single 
purpose  meters 

4.  How  the  range  of  a  voltmeter  is  determined 

5.  The  differences  of  the  three  readings  taken  on  a  battery.) 
K.     Return  meters  and  batteries  to  proper  storage  area 
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VOLTAGE  AND  MEASUREMENT 
UNIT  V 


JOB  SHEE'i  #2-MEASURE  THE  VOLTAGE  DROP  IN  A  DC  CIRCUIT 

Tools  and  equipment 
A.  Voltmeter 
3.     Power  supply 

C.  Lamp  or  load 

D.  Switch 
Procedure 

A.     Connect  the  power  supply  to  the  lamp  or  load  as  shown  in  Figure  1 
FIGURE  1 


Power 
Supply^^ 


B.  Close  the  switch 

C.  Connect  the  voltmeteH  across  the  power  supply  and  adjust  for  1  1/2  volts 

D.  Read  and  record  the  voltmeter  indication 
Connect  the  voltmeter  across  the  lamp  or  load 
Read  and  record  the  voltmeter  indication 


Connect  the  voltmeter  to  the  terminal  of  the  power  supply  and  to 
the       terminal  of  the  lamp 


H.     Read  and  record  the  voltmeter  indication 

L  With  the  switch  still  closed,  measure  and  record  the  voltage  across  the  switch 
J.     With  the  voltmeter  still  connected  to  the  switch,  open  the  switch 


JOB  SHEET  #2 

K.     Read  and  record  the  voltmeter  indication  with  the  switch  open 
(NOTE:  Discuss  the  following  in  dab:: 

1 .  The  measurement  across  the  load  and  across  the  source  - 

2.  The  voltmeter/eading  across  the  closed  switch 

3.  The  voltmeter  reading  when  the  meter  was  connected  to  the  "  + 
terminal  of  the  power  supply  and  the       terminal  of  the  lamp 

4.  The  difference  of  potential  across  the  load  and  whether  or  not  th 
voltage  drop  occurs  across  the  load  or  The  wire 

5.  The  voltage  reading  across  the  open  switch.) 
L.     Return  meter  and  materials  to  proper  storage  area 


BE 


VOLTAGE  AND  MEASUREMENT 
UNITV 


NAME 
TEST 


1 .  Match  the  terms  on  the  right  with  their  correct  definitions. 

 3-  Instrument   used    to  measure  voltage 

 Electrical  force  or  pressure  that  causes 

the  flow  of  electrical  current 

 The  unit  of  measurement  of  electro- 
motive force 

 Difference  in  voltage  measured  across  a 

component  in  a  circuit 

2.  Name  three  common  sources  of  voltage.    *  - 
a*. 


1.  Voltage 

2.  Volt 

3.  Voltage  drop 

4.  Voltmeter 


b. 


3.   Match  the  symbols  and  abbreviations  on  the  right  with  their  correct  definitions.- 


I  a.  Electromotive  force 

 b.  Voltage  source  or  applied  voltage 

  Voltage  or  voltage  drop 

 d.  Voltmeter 

e.  Kilovolt 

 f.  Megavolt 

 g.  Millivolt 

  h.  Microvolt 


1.  mV 

2.  EMForem'f 

3.  MV 

4.  ',  V  or  V 

5.  E  or  e 

6.  VM 

7.  /iV 

8.  KVorkv 


blanks."''"''""  '''''  °^  '  by  placing  an  "X"  in  the  appropriate 


_a.  Connecting  leads  or  probes 
_b.  Volume  control 
_c.  Pressure  switch 


2'J7 


 d.  Voltage,  current,  resistance  function  switch 

 e.   Direct  current,  alternating  current  function  switch 

 f.   Multiple  use  scales 

 g.   Range  switch 

 h;  Light  indicators 

Arrange  in  order  the  procedures  for  using  a  voltmeter  by  placing  the  correct 
sequence  numbers  (1-7)  in  the  appropriate  blanks. 

 a.   Read  voltage  on  meter  .  ; 

 b.  Use  correct  polarity  of  probes  ^ 

1.  Negative  or  common  probe  toward  negative  of  po^wer  supply 

2.  Positive  probe  toward  positive  of  power  supply 
 c.   Hold  probes  by  insulated  part 

 ^d.  Remove  probes 

 .e.   Connect  voltmeter  in  parallel  with  load 

 f.   Set  range  switch  for  correct  ran^ 

 g.  Assure  that  meter  will  read  expecjedxyoltage 

State  Kirchhoff's  law  of  voltage. 

Discuss  current  flow  in  a  resiistivB  circuit 
a. 

b.  

Discuss  polarity  in  a  resistive  circuit. 

a.  

b.  ^  

State  the  formulas  for  voltage  drops  in  resistive  circuits. 

a.  

b.  

2 -JO 
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10.   Demonstrate  the  aiility  to: 

a.  Measure  and  com^pare  the  voltage  of  three  different  batteries. 

b.  Measure  the  voltage  drops  in  a  DC  circuit. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  ask  vonr 
instructor  when  they  should  be  completed.)  ' 


2-J9 
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VOLTAGE  AND  MEASUREMENT 
UNIT  V 


ANSWERS  TO  TEST 


1-   a-     4     c.  2 
b.     1      d.  3 

2.   a.  Batteries 

b.  Generators/alternators 

c.  Electronic  power  supplies 

3-   a.  2      c.     4      e.     8      g.  1 

b-  5      d.     6      f.     3      h.  7 

4.  a,  d,e,  f,  g 

5.  a.  6  e.  5 
b.  4  f.  3 
0.  1      g.  2 

d.  7 


voltaql''""''        °'  '  --^t  ^q-'  the  applied 


voltage 

7.  Discussion  should  include: 

a.  Negative  to  positive 

b.  Resultant  potential  across  resistance 

8.  Discussion»should  include: 

a.  End  nearer  negative  of  supply  is  negative 

b.  End  nearer  positive  of  supply  is  positive 

9.  a.     Voltages  in  circuit  equal  power  source       +  V2  =  E 

b.     Algebraic  sum  of  voltage  drops  equal  zero       +  V2  -E  =  0 
10.   Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 


EKLC 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  arrange  in  order  the  procedures 
for  measuring  current  with  an  ammeter  and  convert  amperes  to  milliamps  and  microamps. 
The  student  should  also  be  able  to  measure  and  compare  current  at  two  points  of  a  cirucit 
and  in  a  circuit  at  two  different  power  levels.  This  knowledge  will  be  evidenced  by  correctly 
performing  the  procedures  outlined  in  the  assignment  and  job  sheets  and  by  scoring  85 
percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.   Match  terms  associated  with  current  and  measurement  with  their  correct 
definitions. 

•  2.   Define  prefixes  in  terms  of  their  numerical  decimal  equivalents  and  powers 
of  ten. 

3.  Match  symbols  and  abbreviations  relating  to  current  and  measurement  with 
the  terms  they  represent. 

4.  Arrange  in  order  the  procedures  for  measuring  current  with  a  DC  ammeter. 

5.  Convert  amperes  to  milliamps  and  microamps. 

6.  Read  ammeter  indications. 

7.  Demonstrate  the  ability  to: 

a.  Measure  and  compare  current  at  two  points  of  a  circuit. 

b.  Measure  and  compare  current  in  a  circuit  at  two  different  voltage  levels. 


1 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 


J 


SUGGESTED  ACTIVITIES 


Provide  students  with  objective  sheet. 

Prpvide  students  with  information,  assignment,  and  job  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives. 

Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  procedures  outlined  in  the  job  sheets. 

Give  test. 


Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Current 

2.  TM  2-Series  and  Parallel  Circuits 

3.  TM3-Prefixes 

4.  TM  4-DC  Current  Scale  and  Range  Switch  on  Typical  Ammeter 

5.  TM  5-Using  the  Ammeter  in  a  Circuit 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1-Convert  Amperes  to  Milliamps  and  Microamps 

2.  Assignment  Sheet  #2-Read  Ammeter  Indications 

E.  Answers  to  assignment  sheets 


INSTRUCTIONAL  MATERIALS 


F.  Job  sheets 

1.  Job  Sheet  #1 -Measure  and 
Circuit 

2.  Job  Sheet  #2-Measure  and 
Different  Voltage  Levels 

G.  Test 

H.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics. 
1977. 

B.  Marcus,  Abraham  and  Samuel  C. 
Cliffs,  NJ:  Prentice-Hall,  1971. 


Compare  Current  at  Two  Points  of  a 
Compare  Current  in  a  Circuit  at  Two 

c 

5th  edition.  New  York:  McGraw-Hill, 
Gendler.  Basic  Electronics.  Englewood 
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CUhRENT  AND  MEASUREMENT 
UNIT  VI 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Current-The  flow  of  electrons  through  a  circuit  (Transparency  1) 

B.  Coulomb--A  quantity  of  6.28  x  10^^  electrons 

C.  Dfrect  current-'Currerit  that  flows  through  a  circuit  in  one  direction  only, 
from  the  negative  side  of  the  power  source  through  the  circuit  to  the  positive 
side  of  the  power  source 

D.  Alternating  current-Current  that  changes  direction  of  flow  at  a  certain  rate 
Example:  6CWiertz-per-second   house  current  changes  direction  of  flow 


E.  Series  circuit--A  circuit  in  which  the  parts  or  components  are  connected 
end-to-end  so  that  the  same  current  flows  throughout  the  entire  circuit 
(Transparency  2) 

F.  Parallel  circuit--A  circuit  with  multiple  paths  for  current  flow  (Transparency 

G.  Ampere--The  unit  of  measurement  of  electrical  current 
(NOTE;  A  flow  of  one  coulomb  per  second  equals  one  ampere.) 

H.  Ammeter-Instrument  used  for  measuring^electrical  current 

Numerical  decimal  equivalents  and  powers  of  ten  prefixes  (Transparency  3) 

A.  Milliamp--.001  (one-thousandth)  of  an  amp  or  10'^A 

B.  Microamp-.OOOOOl  (one-millionth)  of  an  amp  or  10"^A 

C.  Picoamp-.OOOOOOOOOOOl  (one-trillionth)  of  an  amp  or  10'^  ^A 
Symbols  and  abbreviations  relating  to  current  and  measurement  terms 

A.  Current-I  or  i 

B.  Ampere-A,  a,  or  amp 

C.  Coulomb-Qorq 

D.  Ammeter-.    HfAV.-ZaV,  or-ZTV 


120  times  jach  second 
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INFORMATION  SHEET 


E.  Milliamp-ma  or  MA 

F.  Microamp- /ia  or /LiA  \ 

G.  Picoamp-pa  or  pA 

Procedures  for  measuring  current  with  a  DC  ammeter  (Transparencies  4  and 
5) 

A.  Set  range  switch  to  expected  current  value 

(NOTE:  Measuring  instruments  indicate  more  accurately  toward  the  center 
of  the  scale.  Select  a  range  which  will  allow  reading  the  expected  current  in 
the  middle  half. of  the  scale.) 

B.  Open  the  circuit  by*disconnecting  a  conductor  connection  or  by  opening 
a  switch 

C.  Observing  proper  polarity  (negative  probe  toward  negatl/p  side  of  power 
source,  positive  probe  toward  positive  side  of  power  sji.rce),  connect 
ammeter  in  series  with  the  circuit  (Transparency  5) 

D.  Read  current^^indication  on  proper  scale,  depending  on  range  switch  setting 

E.  Disconnect  ammeter  from  circuit  and  reconnect  or  close  circuit 
(CAUTION:  Never  connect  an  ammeter  in  parallel  to  a  load.) 


Current 


Current  is  the 
rate  of  flow 
of  electrons 


Definition:  The  rate  of  electron  flow  through  a  conductor  is 
called  current  flow.  A  flow  of  6.28  x  1 0  8  electrons  per 
second  is  called  an  ampere. 

Symbol:  I 

Measured  in:  Amperes  (1  ampere  =  one  coulomb/second) 
Instrument  used  to  measure:  Ammeter. 

Symbol  -(D-  or  <]>  or  -®- 
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Series  and  Parallel  Circuits 


POWER 
SOURCE 


T 


Series  Circuit 


l|    =  Total  Current 

l-|  &  I2   =  Partial  Current  Through 

R-j  and  R2  of  Parallel  Circuit 


Parallel  Circuit 
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Prefixes 


Milli    =  .001  =  1/1000  =  1X10"^ 

Micro  =  .000001  =  1X10'^  or  1/1,000,000 

Pico   =  .000000000001  =  IXIo'^^or 
1/1,000,000,000,000 

Kilo    =  1000  =  1X10^ 

Mega  =  1,000,000  =  1X10^ 


m 


6 
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DC  Current  Scale  and  Range 
Switch  on  Typical  Ammeter 


.  o  o 


100  MA 
500  MAUk;i10  MA 


\ 


50  MA«^-^  1  MA 
RANGE 


Needle  Indicates 
150  MA  or  .150  A 


07 

m 
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Using  the  Ammeter  in  a  Circuit 


mmeter 


1 


9  ® 


Voltage  Source 


Load 


ammeter  should  be  in  series 
with  load 


NEVER  .in  Parallel 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 

ASSIGNMENT  SHEET  #1--C0NVERT  AMPERES  TO  MILLIAMPS  AND  MICROAMPS 


1 .  Convert  the  following  amps  to  milliamps. 

a.  1  amp  =   milliamps       d.  3654A  =  mA 

b.  2  amps  =  milliamps        e.  .0214A  =  mA 

3  amps  =  milliamps        f.  .0036A  =  mA 

2.  Convert  the  following  amps  to  microamps. 

a.  1  amp  =  microamps       d.  2.5A  =   /iA 

b.  2  amps  =  microamps      e.  .00037A  =   /iA 

c.  3  amps  =^  microamps      f.  .0000028 A  =  ^  /iA 

3.  Convert  the  following  milliamps  to  amps. 

a.  4,000  milliamps  =  amps  d.     25.7mA  =  A 

b.  5,000  milliamps  =  amps  e.     .0293mA  =  A 

c.  6,000  milliamps  =  amps  f.     263.5mA  =  A 

4.  Convert  the  following  microamps  to  amps. 

a.  3,500  microamps  =  amps  d.     2,360,000  /iA  =  A 

b.  4,500  microamps  =  amps  e.     .003  /iA  =  A 

c.  5,500  microamps  =  amps  f .     3.9  /iA  =  A 

5.  Convert  as  indicated. 

a.  .35mA  =  ^  /iA  d.     .0035A  =  /iA 

b.  6u   mA  e.     2.45mA  =  A 

c.  2.5A  =  mA  f.     2.93  /iA  =  A 


Sir, 
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CURRENT'AND  MEASUREMENT 
UNIT  VI 

ASSIGNMENT  SHEFT.#2--READ  AMMETER  INDICATIONS 


Directions:  Write  down  the  current  reading  for  each  of  the  ammeter  indications. 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 


4 

1. 

a. 

1,000 

d. 

3,654,000 

b. 

2,000 

e. 

21.4 

c. 

3,000 

f. 

o.u 

2. 

a. 

1,000,000 

d. 

9  ^00  nnn 

Z. ,  *J \J\J  f  \J\J \J 

b. 

2,000,000 

e. 

370 

c. 

3,000,000 

f. 

2.8 

-  3. 

a. 

4 

d. 

.0257 

b. 

5 

e. 

.0000293 

c. 

6 

f. 

.2635 

4. 

a. 

.0035 

d. 

2.36 

b. 

.0045 

e. 

.000000003 

c, 

.0055 

f. 

.0000039 

5. 

a. 

350 

d. 

3500 

b. 

6.35 

e. 

.00245 

c. 

2500 

f. 

.00000293 

Assignment 

Sheet  #2 

a. 

5  ma 

b. 

100  ma 

c. 

.8  ma 

d. 

20  na 
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CURRENT  AND  MEASUREMENTS 
UNIT  VI 


JOB  SHEET  #1--MEASURE  AND  COMPARE  CURRENT  AT 
TWO  POINTS  OF  A  CIRCUIT 


Tools  and  equipment 

A.  DC  ammeter  (or  multimeter) 

B.  DC  power  source 

C.  Load  (lamp  or  other  resistance) 
Procedure 

A.    Wire  the  scK^ematic  in  Figure  1 ;  set  power  source  at  1  1/2  vdc 
FIGURE  1 


B.  Measure  and  record  current  at  point  X  on  the  schematic 

C.  Measure  and  record  current  at  point  Y  on  the  schematic 

D.  Compare  current  measurement 

(NOTE :  The  following  questions  may  be  used  for  discussion: 

1.  Was  the  current  the  same  or  different  at  point  X  and  point  Y?  Why? 

2.  Do  you  connect  an  ammeter  differently  than  you  do  a  voltmeter?  If 
so,  how?  Why? 

3.  Do  you  have  to  know  the  +  and  -  connections  of  a  DC  ammeter? 


Power 
Source 


Y 


X 


Load 


Why?) 


G 


Return  meter  and  materials  to  proper  storage  area 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 

JOB  SHEET  #2--MEASURE  AND  COMPARE  CURRENT  IN 
A  CIRCUIT  AT  TWO  DIFFERENT  VOLTAGE  LEVELS 

Tools  and  equipment 

A.  DC  ammeter  (or  multimeter) 

B.  DC  power  source 

C.  Load  (lamp  or  other  resistance) 
Procedure 

A.    Connect  the  circuit  as  shown  in  Figure  1;  set  DC  power  source  at  1  1/2 
vdc 

FIGURE  1 


Power 
Source 


B.  Measure  and  record  the  current  in  the  circuit  amperage 

C.  Increase  power  source  to  3  vdc 

D.  Measure  and  record  the  current 

E.  Compare  current  measurements 

(NOTE:  The  following  questions  may  be  used  for  discussion: 

1 .  Is  there  more  current  at  1  1/2  vdc  or  at  3  vdc  power  source? 

2.  With  the  same  load,  what  happens  to  the  current  in  a  circuit  when 
you  change  the  voltage  applied  to  the  circuit? 

3.  What  happens  if  the  polarity  of  the  power  source  is  reversed? 

4.  If  a  lamp  was  used  as  the  load,  did  (or  would)  the  lamp  glow  brighter 
when  the  voltage  was  increased?  Why?) 

F.  Return  meter  and  materials  to  proper  storage  areas 

Si9 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 

NAME 


TEST 


1 .   Match  on  the  right  terms  with  their  definitions. 


a. 

The  unit  of  measurement  of  electrical  current 

1. 

Current 

b. 

Current  that  flows  through  a  circuit  in  one 

2. 

Coulomb 

direction  only,  from  the  negative  side  of  the 

power  source  through  the  circuit  to  the 

3. 

Direct  current 

positive  side  of  the  power  source 

4. 

Alternating 

c. 

The   flow  of  electrons  through  a  circuit 

current 

d. 

1  nstrument    used    for   measuring  electrical 

5. 

Series  circuit 

current 

6. 

Parallel 

e. 

A  circuit  with  multiple  paths  for  current 

circuit 

flow 

f. 

7. 

Ampere 

A  circuit  in  which  the  parts  or  components 

are  connected  end-to-end  so  that  the  same 

8. 

Ammeter 

current  flows  throughout  the  entire  circuit 

g. 

A  quantity  of  6.28  X  1 0^  ^  electrons 

h.  Current  that  changes  direction  of  flow  at  a 
certain  rate 


2.   Define  each  of  the  following  prefixes  in  terms  of  both  the  numerical  decimal 
equivalent  and  powers  of  ten. 

Numerical  decimal  Powers  of 

equivalent  ten 

a.     Milliamp  ._  


b.     Microamp   ^ 


c.  Picoamp 


3Z0 


Jiley  ?ep?:senT'°'        abbreviations  on  the  right  with  the  terms  on  the  left  which 


a. 

Current 

1. 

ma  or  MA 

b. 

Ampere 

2. 

1  or  i 

c. 

Coulomb 

3. 

A,  a,  or  amp 

d. 

Ammeter 

4. 

/ia  or  ijlA 

e. 

Milliamp 

5. 

pa  or  pA 

f. 

Microamp 

6. 

-<A>,-0.,  or,-Q} 

g. 

Picoamp 

7. 

Q  or  q 

^ZZfJr.  ''''  procedures  for  measuring  current  with  -a  DC  ammeter  by  placina 
the  correct  sequence  numbers  in  the  appropriate  blanks.  ^ 

 _a.  Observing  proper  polarity,  connect  ammeter  in  series  with  the  circuit 

 b.  Disconnect  ammeter  from  circuit  and  reconnect  or  close  circuit  " 

  ^switch''  disconnecting  a  conductor  connection  or  by  opening 

 d.  Set  range  switch  to  expected  current  value 


 e.   Read  current  indication  on  proper  scale,  depending  on  range  switch  setting 

Convert  amperes  to  milliamps  and  microamps. 
Read  ammeter  indications. 
Demonstrate  the  ability  to: 

a.  Measure  and  compare  current  at  two  points  of  a  circuit 

b.  Measure  and  compare  current  in  a  circuit  at  two  diffarent  voltage  levels 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  a.k  thP 
instructor  when  they  should  be  completed.)  lo  xne  test,  ask  the 
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CURRENT  AND  MEASUREMENT 
UNIT  VI 


ANSWERS  TO  TEST 


1.  a.  7  e.  6 
b.  3  f.  5 
c  1  g.  2 
d.  8  h.  4 

2.  a.     .001  of  an  amp  or  10"^A 

b.     .000001  of  an  amp  or  1 0"^A 
■  c.     .000000000001  of  an  amp  or  1 0"^  ^A 

3.  a.     2  e.  1 

b.  3  f.  4 

c.  7  g.  5 

d.  6 

4.  a.     3  d.  1 
_b.     5  e.  4 
c.  2 

5.  Evaluated  to  the  satisfaction  of  the  instructor. 

6.  Evaluated  to  the  satisfaction  of  the  instructor. 

.  7.   Performance  skills  evaluated  to  the  satisfaction  of  the  instructor.' 


1 
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POWER 
UNITVII 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  compute  current  using  the 
power  formula,  determine  the  power  used  in  a  resistive  circuit,  and  determine  the  function 
of  fuses  and  resistor  power  ratings.  This  knowledge  will  be  evidenced  by  correctly  perform- 
ing the  procedures  outlined  on  the  assignment  and  job  sheets  and  by  scoring  85  percent  on 
the  unit  test. 

SPECIFIC  OBJECTIVES 

•  After  completion  of  this  unit,  the  student  should  be  able  to: 

1 .  Match  terms  associated  with  power  and  measurement  to  their  definitions. 

2.  Match  power  abbreviations  with  thetr  correct  terms. 

3.  State  three  forms  of  the  formula  used  to  compute  electrical  power. 

4.  Arrange  in  proper  sequence  the  procedures  for  power  measurement  using  a  DC 
wattmeter. 

5.  Select  true  statements  concerning  resistor  wattage  rating. 

6.  List  electrical  power  safety  precautions. 

7.  Distinguish  between  direct  and  inverse  proportions  involved  in  power  formulas. 

8.  Demonstrate  the  ability  to: 

a.  Compute  current  using  the  power  formula. 

b.  Determine  the  power  used  in  a  resistive  circuit. 

c.  Determine  the  function  of  fuses  and  resistor  power  ratings. 
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POWER 
UNITVII 

SUGGESTED  ACTIVITIES 
Provide  student  with  objective  sheet. 

Provide  student  with  information,  assignment,  and  job  sheets. 
Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets.  ^ 
VI.       Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Power 

2.  TM  2-Power  Measurement  Using  a  DC  Wattmeter 

3.  TM  3"Power  Rating  of  Resistors 

D.  Assignment  Sheet  #1 -Compute  Power  from  the  Power  Formula 

E.  Answers  to  assignment  sheet 

F.  Job  sheets 

1.  Job  Sheet  #1 -Compute  Current  Using  the  Power  Formula 

2.  Job  Sheet  #2-Determine  Power  Used  in  a  Resistive  Circuit 

3.  Job  Sheet  #3-Demonstrate  the  Function  of  Fuses  and  Resiccor  Power 
Ratings  wv^si 

G.  Test 

H.  Answers  to  test 
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B.  Marcus,  Abraham,  and  Samuel  E.  Gendler.  Basic  Electronics.  Enqlewood 
Cliffs,  NJ:  Prentice-Hall,  1971. 
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INFORMATION  SHEET 


I.       Terms  and  definitions 

•         \  j  ^> 

A.  Electrical  power-The  rate  of  doing  work  by  Electrons  moving  through  a 
resistive  material  (Transparency  1)  -  , 

B.  Watt-The  unit  of  measurement  for  power  ^ 

(NOTE:  One  watt  of  power  is  expended  when  one  ampere  of  current  is 
flowing  through  one  ohm  of  resistance.) 

C.  Kilowatt-1,000  watts 

D.  Kilowatthours-Energy,  in  kilowatts,  multiplied  by  the  time  in  hours 

Example:  A  circuit  drawing  1 .5  kilowatts  of  power  for  5  hours  uses 
7.5  kilowatthours  of  electrical  energy 

^    E.     Fuse-An  electrical  device  which  protects  a  circuit  from  excessive  power  or 
current 

Example:  Excessive  current  melts  the  metal  fuse  element  and  opens  the 
circuit- 

^  F.     Circuit  breaker-An  -lectrical  switch  which  protects  a  circuit  Prom  excessive 

y  power  or  curreni 

(NOTE:  Heat  expands  a  thermal  element  in  the  br- aker  and  it  opens  the 
circuit.  A  blown  elecrrical  fuse  must  be  replacea  with  a  new  one;  how- 
ever, a  circuit  brcuktr  caf  .  be  reset.) 

G.    Work--Mr  oUied  in  .oot-pounds  without  any  reference  to  time 

(NOTE:  V;  . ''  and  energy  are  essentially  the  same.) 

,ver--Tne  rdis  of  doing  work 

il.       Terms  and  abb  aviations  for  power 

A.  Power-P 

B.  Watt--W  * 

C.  Kilowatt-kW 


INFORMATION  SHEET 

Forms  of  the  formula  used  to  compute  electrical  power 

A.  When  current  and  voltage  are  known:  P  =  E I 

B.  \/Vhen  current  and  resistance  are  known:  P  =  I^R 

C.  When  voltage  and  resistance  are  known:  P  =  E^/R 

Sequence  used  for  power  measurement  using  a  DC  wattmeter  (Transparency  2) 

A.  With  circuit  power  turned  off,  connect  the  current  (I)  terminals  of  watt- 
meter in  series  with  circuit  load 

(CAUTION:  Observe  correct  polarity  when  connecting  the  wattmeter  leads 
to  DC  circuits.  The  positive  lead  must  be  toward  the  positive  side  of  the 
circuit  power  .  and  negative  lead  toward  negative  side  of  power 
supply.) 

B.  Connect  the  voltage  (E)  terminals  of  wattmeter  across  load  with  power 
off 

C.  Turn  on  circuit  power 

D.  Read  and  record  power  value  in  watts  indicated  orr  wattmeter 

E.  Turn  off  circuit  power  and  disconnect  wattmeter  .  ' 
Wattage  rating  of  resistors  (transparency  3) 

A.  Resistors  have  ohm  values  and  wattage  ratings 

B.  Wattage  rating  indicates  the  maximum  amount  of  power  that  a  resistor 
can  handle  before  it  burns  up 

C.  Use  a  wattage  safety  factor  of  2  when  choosing  resistors;  the  wattage  rating 
should  be  double  the  expected  power  level  of  the  circuit 

D.  Resistor  size  generally  indicates  wattage  rating 

1.   Small  carbon  resistors  are  generally  used  in  circuits  which  operate  weh 
below  2  watts 

•  2.    Larger  wire  wound  resistors  are  capable  of  dissipating  the  heat  gen- 
erated by  hiqher  power  levels 

electrical  power  safety  precautions 

A.     Circuit  safety  precautions 

1.  Never  install  a  fuse  or  circuit  breaker  whose  current  rating  is  higher  or 
whose  voltage  rating  is  lower  than  specified  for  a  particular  circuit 

2.  Never  bypass  or  defeat  a  fuse  or  circuit  breaker 
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B.    Worker  safety  precautions  with  live  circuits  i 

1.  Work  with  well-insulated  tools  whenever  possible 

2.  Avoid  completing  a  circuit  through  the  body 
VII.       Power  formula  proportions 

-    A.    'Direct  proportion-A  relationship  by  which  a  change  in  one  quantity  pro- 
duces the  same  direction  of  change  in  another  quantity 

Example:  In  the  power  formula  P  =  El,  if  the  current  remains  constant 
but  the  voltage  is  decreased,  power  is  also  decreased.  In  this 
formula,  power  and  voltage  are  directly  proportional 

Inverse  proportion-A  relationship  by  which  a  change  in  one  quantity  pro- 
duces the  opposite  direction  of  change  in  another  quantity 

Example:  In  the  power  formula  P  =  E^/R,  if  voltage  remains  constant 
but  resistance  is  increased,  power  is  decreased.  In  this  formula, 
power  and  resistance  are  inversely  proportional 


B. 


3.'S 


Power 

Is  defined  as  the  rate  of  doing  work  (w/t) 
Has  the  symbol  "P" 

r  > 

P=IE 

Can  be  calculated  with  formulas  P=\^  R  Watt's  Law 

P=E2/R 

Is  measured  in  watts  1  watt=1  ampere  x  1  volt 
Is  measured  by  a  wattmeter 


Power  Measurement  Using  A  DC  Wattmeter 


^6' 


aaaa 


Coil 


Pointer 


0-20  Watts  DC 
Wattmeter 

NOTE:  E  Terminals  of  Wattmeter  are  Connected 
Across  the  Load  (In  Parallel) 

I  Terminals  are  Connected  In  Line  with 
the  Load  (In  Series) 


Power  Rating  of  Resistors 

j 

^^^'"9  Power  Rating:  All  3,  50  Watts 


Carbon  Re$i§tors  Wire  Wound  Resistors 


NOTE:  Larger  Wire  Wound  Resistors  Have 
Higher  Power  Ratings 
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ASSIGNMENT  SHEET  #1--C0MPUTE  POWER  FROM  THE  POWER  FORMULA 

Direc^ons:  Given  the  formulas  for  power,  P.=  El  when  current  and  voltage  are  known, 
P  -  I  R  when  current  and 'resistance  are  known,  and  P  =  E^/R  when  voltage  and  resis- 
tance are  known,  study  the  following  schematics  and  answer  the  questions  below  them. 


b. 


-^T"  30V 


R1 


4a 


1 .  State  the  power  formula  needed  to  solve  for  power. 

2.  Solve  for  P. 


2a 


R1 


1 .  T'aro  the  power  formula  needed  to  solve  for  power. 

2.  Go'veforP. 


+ 

=-  3V 

 ^ 

f 

1 .  State  the  power  formula  needed  to  solve  for  power. 

2.  Solve  for  P. 
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ANSWERS  TO  ASSIGNMENT  SHEET  #1 

a.  1.  P=EI 

2.     120  watts 

b.  1.  P=|2r 
2.     32  watts 

c.  1.  P=e2/R 

2.     P  =  .9  watts 


; 
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JOB  SHEET  #1 -COMPUTE  CURRENT  USING  THE  POWER  FORMULA 

Equipment  and  materials 

A.  Lamp  holder  with  100-watt  bulb 

B.  Lamp  holder  with  40-watt  bulb 

C.  1 10-volt  power  source 

(NOTE:  Smaller  voltage  lamps  can  be  used  with  an  appropriate  power 
supply.) 

Procedure 

A.  Plug  both  lamps  into  110-volt  line  and  turn  switches  on  at  the  same  time 

B.  Let  lamps  heat  up  for  a  brief  time 

C.  Feel  both  lamps  and  note  which  is  hotter 

D.  Determine  which  lamp  is  using  more  power 
(NOTE:  The  hotter  lamp  is  using  more  power.) 

E.  Determine  which  lamp  is  using  more  current 

F.  Determine  which  lamp  has  the  lower  resistance 

G.  Using  the  formula  P  =  El,  compute  the  current  flowing  through  each  lamp 

H.  Return  lamps  to  proper  storage  area 
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JOB  SHEET  #2-DETERIVIINE  POWER  USED  IN  A  RESISTIVE  CIRCUIT 

Equipment  and  materials 

A.  Adjustable  DC  power  supply  (0-30  volts) 

B.  DC  wattmeter  (0-20  watts) 

C.  75-ohm,  20-watt  resistor 

D.  Ammeter 

E.  DC  Voltmeter  and  ohmmeter  (multimeter) 
Procedure 

A.     Leaving  the  power  off,  connect  the  following  circuit  (Figure  1 ) 


C.  Turn  power  on 

D.  Apply  1 5  volts  across  the  resistor 

E.  Read  and  record  the  voltage,  current  and  wattmeter  indications 

F.  Increase  the  power  supply  to  25  volts 

G.  Read  and  record  E,  I,  and  P 

H.  Increase  the  power  supply  to  30  volts 

I.  Read  and  record  E,  1,  ahd  P 
J-     Turn  the  power  supply  off 
K.     Disconnect  the  circuit 

L.  ,^R^ad  its  value  with  your  ohmmeter 

M.    Using  the  three  forms  of  the  power  formula,  compute  the  power  for  the 
E,  I,  and  R  values  at  15  volts,  25  volts,  and  30  volts 


FIGURE  1 


0 


B. 


Double  check  your  circuit  for  correct  wiring 
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JOB  SHEET  #2 


Compare  the  computed  values  with  the  wattmeter  readings 
(NOTE :  The  following  questions  may  be  used  for  discussiorr: 

1.  What  causes  the  differences  between  computed  values  and  wattmeter 
indications? 

2.  Did  the  resistance  remain  constant  during  this  experiment?  Did  the 
current  remain  constant?  Compare  the  changing  voltage  with  the  power 
consumed  by  the  resistor.  Is  the  relationship  a  direct  proportion  or 
indirect  proportion? 

3.  Would  the  same  power  be  consumed  if  the  load  were  reversed?  Why? 

4.  When  the  voltage  was  doubled  (15v  to  30v),  how  much  did  power 
increase?) 

Return  meters  and  materials  to  proper  storage  area 


\ 

BE  -  251-C 


POWER  ■ 
UNIT  VII- 


JOB  SHEET  #3-DETERI\/IINE  THE  FUNCTION  OF 
FUSES  AND  RESISTOR  POWER  RATINGS 


(NOTE:  The  instructor  may  desire  to  conduct  this  job  as  a  demonstration.) 
1.       Equipment  and  materials 

A.  Variable  power  supply  (minimum  lOv,  1A  capability) 

B.  1,000-ohm,  1/2-watt  resistor 

C.  10-ohm,  1/2-watt  resistor  (expendable) 
'E.     One  1/2-amp  fuse  (expendable) 

'.  F.     DC  ammeter  (l  amp  capability) 
II.  Procedure 

A.     Connect  the  power  supply,  switch,   1,000-ohm  resistor,  ammeter,  and 
1/2-amp  fuse  in  series  as  follows:  ;'Figure  1) 

FIGURE  1   '  o^VP  

POWER 
SUPPLY 


B.  Turn  on  the  power  supply 

C.  Adjust  to  10  volts 

D.  Turn  on  the  switch 

E.  Read  and  record  the  current  indication  on  the  ammeter 

F.  Turn  the  power  supply  to  zero 

G.  Open  the  switch 

H.  Replace  the  1,000-onm  resistor  with  the  10-ohrn  resistor 
(CAUTION:  Set  range  switch,  if  applicable,  to  1  ampere  or  more, 

I.  Close  the  switch 

J.  Adjust  the  power  supply  to  1 0  volts 

K.  Observe  the  fuse  and  record  what  you  observe 
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JOB  SHEET#3 

Connect  a  wire  across  the  fuse  and  observe  the  lO-ohm  resistor 
(NOTE:  The  following  questions  shpyld  be  used  for  discussion: 

1.  Hov  j.d  you  know  that  your  resistors  were  1/2-watt  resistors?  Explain. 

2.  How  much  power  was  applied  to  the  1,000-ohnn  resistor?  (P  =  I^R) 

3.  Explain  why  the  fuse  blew  when  10  volts  were  applied  to  the  10-ohm 
resistor 

4.  Explain  what  happened  to  the  resistor.  How  much  power  was  being 
applied  after  you  shorted  the  fuse? 

5.  If  you  had  to  use  a  10-ohm  resistor  with  10  volts  applied,  what  would 
you  do?) 


BE  -  253-C 


POWER 
UNIT  VII 

NAME 

TEST 


1.   Match  the  terms  on  the  right  to  the  correct  definitions. 


a.  An  electrical  device  which  protects  a 
circuit  from  excessive  pov.v^r  or  current 


_b.  The  unit  of  measurement  for  power 

_c.  An  electrical  switch  which  protects  a 
circuit  from  excessive  power  or  current 

__d.  The  rate  of  doing  work  by  electrons 
moving    through    a    resistive  material 

e.   1,000  watts 


_f.   Energy,  in  kilowatts,  multiplied  by  the 
time  in  hours 

_g.  The  rate  of  doing  work 


1 .  Electrical  power 

2.  'Watt 

3.  Kilowatt 

4.  Kilowatthours 

5.  Fuse 

6.  Circuit  breaker 

7.  Power 

8.  Work 


_h.  Measured  in  foot-pounds  without  any 
reference  to  time 


2.   Match  the  power  terms  on  the  right  with  their  cdrrect  abbreviations. 

 -3-  kW  1^  Po^er 

 ^'  P  2.  Watt 

3.  Kilowatt 


c.  W 


3.   State  the  three  forms  of  the  formula  used  to  compute  electrical  power. 

a.  Wnen  current  and  voltage  are  known: 

b.  When  current  and  resistance  are  known: 


c.     When  voltage  and  resistance  are  known: 
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4.  Arrange  ii.  proper  sequence  the  folio. ving  procedures  for  power  measurement  using 
a  DC  '  .attmeter  Ly  numbering  them  1  through  5. 

 a-  Read  and  record  power  value  in  watts  indicated  on  wattmeter  ^ 

 b.  Turn  on  circuit  f  ower 

 c.  Conr.ect  the  voltage  (E)  terminals  of  wattmeter  across  load  with  power 

off 

 d.  Turn  off  circuit  povi      nd  disconi'iect  wattmeter 

 e.  With  circuit  power  turned  off,  c:>nnect  the  current  (I)  terminals  of  watt- 
meter in  series  with  circuit  load 

5.  Select  the  statements  that  are  trub  concerning  resistor  wattage  rating  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a.  Most  resistors  do  not  have  a  wattage  rating 

 b.  The  wattage  rating  indicates  the  maximuin  amount  of  power  that  a  re- 
sistor can  handle  before  it  burns  up  '  "  ' 

 ^c.  A  wattage  safety  facte  r  of  1  should  be  used  when  choosino  resistors 

 d.  Larger  wire  wound  resistors  are  capable  of  dissipating  the  heat  generated  by 

higher  power  levels 

6.  List  two  circuit  safety  precautions  and  one  worker  safety  precaution. 

a.  Circuit  safety  precautions 

1) 
2) 

b.  Worker  safety  precautions  with  live  circui'.s 

7.  Distinguish  between  direct  and  inverse  proportion  involved  in  power  formulas  by 
placing  an  "X"  next  to  the  description  of  inverse  nroportion. 

 a-  A  relationship  hy  which  a  change  in  one  quantity  produces  th'e  opposite 

direction  of  change  in  another  quantity 

 b.  A  relationship  by  which  a  change  in  one  quantity  produces  the  same  direc- 
tion of  change  in  another  quantity 

8.     Demonstrate  the  ability  to:  •  — 

a.  Compute  current  using  the  power  formula. 

b.  Determine  the  power  used  in  a  resistive  circuit. 

c.  Determine  the  function  of  fuses  and  ^esistor  power  ratings. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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ANSWERS  TO  TEST 

1.  a.     5  e.  3 

b.  2  f.  4 

c.  6  g.  7 

d.  1  h.  8   

2.  a.  3 

b.  1 

c.  2 

3.  a.     P  =  EI 

b.  P=|2r 

c.  P=e2/R 

4.  a.  4 

b.  3 

c.  2 

d.  5 

e.  1 

5.  b,d 

6.  a.     Both  of  the  following- 

1)  Never  install  a  fuse  or  circuit  breaker  whose  current  rating  is  higher 
or  whose  voltage  rating  is  lower  than  specified  for  a  particular  circuit 

2)  Never  bypass  or  defeat  a  fuse  or  circuit  breaker 
b.     Any  one  of  the  following: 

1 )  Work  with  well-insulated  tools  whenever  possible 

2)  Avoid  completing  a  circuit  through  the  body 

7.  a 

P.   Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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CONDUCTORS  AND  INSULATORS 
UNITVIII 

UNITOBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  describe  functional  features  of 
electrical  conductors  and  electrical  insulators  and  select  true  statements  about  wire  sizes  and 
gauge  numbers,  the  properties  of  conducting  materials,  and  wire  resistance.  The  student 
should  also  be  able  to  calculate  wire  diameters,  cross-sectional  areas,  and  resistance.  This 
knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined  on  the 
assignment  sheet  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  student  should  be  able  to: 

1.  Match  terms  associated  with  conductors  and  insulators  with  their  definitions. 

2.  Distinguish  between  conductors,  semiconductors,  and  insulators. 

3.  Describe  four  functional  features  of  electrical  conductors. 

4.  Describe  four  functional  features  of  electrical  insulators. 

5.  Name  major  applications  of  conductors. 

6.  Name  types  of  wire  conductors. 

7.  Select  statements  that  are  true  about  wire  sizes  and  gauge  numbers. 

8.  Select  statements  that  are  trje  about  the  properties  of  conducting  materials. 

9.  Select  statements  that  are  true  about  wir3  resistance. 

10.  Name  the  desirable  properties  of  wire  insulation. 

11.  Calculate  wire  diameters,  cross-sectional  areas,  ai.d  resistance. 
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SUGGESTED  ACTIVITIES 

I.       Provide  students  with  objective  sheet, 
il.       Provide  students  with  information  and  assignment  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Display  various  types  and  sizes  of  conducting  wires,  cables,  dielectric  materials 
(capacitors  may  be  opened  up  for  this  purpose),  and  insulating  material,  and 
discuss  the  function  and  properties  of  each. 

VII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 --Conductors  and  Insulators 

2.  TM  2-Conductor  Resistance  and  Voltage  Drop 

3.  TM  3--Dielectric  Strength  of  Common  Insulators 

4.  TM  4--Common  Uses  of  Conductors 

5.  TM  5-Types  of  Wire  Conductors 

6.  TM  6-Standard  Copper  Wire  Gauge  Sizes 

7.  TM  7-Properties  of  Conducting  Materials 

D.  Assignment  Sheet  #1-Calculate  Wire  Diameters,  Cross-sectional  Areas, 
and  Resistance 
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E.  Answers  to  assignment  sheet 

F.  Test  ^ 

G.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill  Co,,  1977, 

B.  Marcus,  Abraham.  Basic  Electronics.  Englewood  Cliffs,  NJ:  Prentice-Hail 
Inc,  1971, 

C.  Reference  Data  for  Radio  Engineers,  f  lew  York:  Howard  W.  Sams  &  Co 
'nc, 1974 
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I.       Terms  and  definitions 

A.  Resistivity  or  specific  resistance-The  electrical  resistance  of  a  rod  of 
conducting  material  having  a  specified  length  and  cross-sectional  area 

B.  Conductivity--The  capacity  of  a  conducting  rod  of  unit  length  and  cross- 
sectional  area  to  allow  electrical  current  flow 

C.  Semiconductor-A  materia!  having  relatively  high  resistance  at  room 
temperature,  whose  electrical  characteristics  can  be  r^hanged  and  controlled 
by  various  techniques,  such  as  by  adding  other  elements  called  "im;:,  nties" 

Examples:  Germanium  and  silicon  which  function  as  transistors  and 
diodes  after  the  impurities  arsenic  or  gallium  are  added  to 
them 

D.  Dielectric--A  material  of  very  high  resistance  which  is  capable  of  holding  or 
storing  an  electrical  charge 

Examples:  Mica,  paper,  and  ceramics,  which  are  used  in  the  construc- 
tion of  capacitors 

E.  Mil-One  thousandth  (0.001 )  of  an  inch 

F.  Circular  mil  (cmil)  area--The  cross-sectional  area  of  a  wire  calci-ldted  by 
squaring  the  wire  diameter  in  mils 

Example:  The  cmil  area  of  ^  conductor  having  a  diameter  of  7.0  mils 
is  49.0  cmils  (7.0  squared) 

(NOTE:  This  method  of  calculating  cross-sectional  area  is  used  only  for 
conducting  wires,  and  is  done  as  a  convenience  to  avoid  having  to  calculate 
cross-sectional  area  by  means  of  tlie  metric  system  and  formula.) 

II.       Conducting  and  insulating  materials  (Transparency  1 ) 

A.    Conductors  (low  resistance) 

1. .  Silver 

2.  Copper 

3.  Aluminum 

328 


262-C 

INFORMATION  SHEET 

4.  Gold 

5.  Tungsten 

6.  Nickel 

7.  Iron 

  '      B.     Semiconductors  (medium  resistance) 

1 .  Germanium 

2.  Silicon 

C.     Insulators  (high  resistance) 

1.  Air  or  vacuum 

2.  Bakelite^"^^ 

3.  Glass 

4.  Mica 

5.  Paper 

6.  Rubber 

7.  Shellac 

III.  Functional  features  of  electrical  conductors  (Transparency  2) 

A.  Many  free  electrons  (for  conduction  of  electricity) 

B.  Low  resistance  to  electrical  current 

C.  Little  voltage  (IR)  drop 

D.  Low  power  dissipation 

IV.  Functional  features  of  electrical  insulators  (Transparency  3) 

A.  Few  free  electrons  (for  conduction  of  electricity) 

B.  High  resistance  to  electrical  current 

C.  Hold  or  store  an  electrical  charge 

D.  High  dielectric  strength  (high  voltage  breakdown  point) 
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V.  Applications  of  conductors  (Transparency  4) 

A.  Wiring 

B.  Switches 

1.  Knife 

2.  Toggle 

3.  Rotary 

4.  Pushbutton 

C.  Pilot  lamp  filaments 

1.  Bayonet 

2.  Screw-type 

D.  Fuses  and  circuit  breakers 

VI.  Types  of  wire  conductors  (Transparency  5) 

< 

A.  Solid 

B.  Stranded 

C.  Wire  braid 

D.  Coaxial  cable  a 

E.  Twin-lead  cable 

F.  Flat  cable  - 
VII.      Wire  sizes  and  gauge  numbers  (Transparency  6) 

A.  American  Standard  Wire  Gauge  is  used  to  check  wire  sizes 

B.  Wire  gauge  chart 

1 .  Gauge  numbers  range  from  1  to  40 

2.  Wire  diameter  is  measured  in  mils  (0.001  in.) 

3.  Cross-sectional  area  is  measured  in: 

a.  Circular  mils 

b.  The  diameter  in  mils  squared 

4.  Resistance  is  measured  in  ohms  per  1000  ft 
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C.     The  higher  the  gauge  number  of  a  wire: 

1 .  The  smaller  its  wire  diameter 

2.  The  smaller  its  cross-sectional  area 

3.  The  higher  its  resistance 

Properties  of  conducting  materials  (Transparency  7) 

A.  Specific  resistance  or  resistivity 

1 .  Symbol  -  p  (Greek  letter  "rho") 

2.  Expressed  in  circular  mil-ohms  per  foot  (cmil-ohms/foot) 

(NOTE:  Use  of  the  circular  mil  for  determining  wire  resistivity  is  a 
cor^venience  because  it  eliminates  the  need  to  calculate  the  cross- 
sectional  area  of  the  wire  using  the  metric  formula.) 

B.  Temperature  coefficient 

1.  Symbol  -or  (Greek  letter  "alpha") 

2.  Resistivity  changes  with  temperature 

a.  Positive  a  -  Resistivity  increases  with  temperature 

b.  Negative  a  -  Resistivity  decreases  with  temperature  ' 

C.  Melting  point-Varies  with  materials 
Wire  resistance 

A.  Principles 

1 .  The  thicker  the  wire,  the  less  its  resistance 

2.  The  longer  the  wire,  the  higher  its  resistance 
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B.     Formula  for  wire  resistance: 

R  =  p     ,  where  R  =  resistance 

A  p  =  resistivity  (see  Transparency  7) 

L  =  length 

A  =  cross-sectional  area  in  circular  mils  (see  Transparency  6) 

Example:        What  is  the  total  resistance  of  100  ft  of  No.  20  topper 
wire  at  room  temperature? 

The  cross-sectional  area  of  No.  20  wire  is  1,022  cmils 
(Transparency  6) 

The  resistivity  of  (  p  )  of  copper  at  room  temperature  is  10.4 
cmil-ohms  per  foot  (Transparency  7) 


Using  the  formula: 

R  =  p    L  =  10.4  cmil 
A 

R  =  10.4  100  ohm 
1022 

R  =  1.02  ohms 
Desirable  properties  of  wire  insulation 

A.  High  resistance 

B.  Toughness 
C  Flexibility 

D.    Non-brittleness  with  aging 


l-ohm  x/lOO  ft  \ 
ft         VI  ,022  cmils  J 
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Conductors  and  Insulators 


Increasing  Resistance 


Insulators 

Air  or  Vacuum 

Fiber 

Bakelite 

Rubber 

Paper 

Shellac 

Glass 

Mica 

Senniconductors 

Germanium  ; 
Silicon 

Conductors 

Silver 

Copper 

Gold 

Aluminum 
Tungsten 
Nickel 
Iron 


•J 
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Conductor  Resistance  and  Voltage  Drop 


10  Ft  Wire 


120-V 
Source 


1 





\ 


10  Ft  Wire 

Wiring  Diagram 


i 

1  1=0.9  A 

1 

) 

^Bulb  Filament 

120  V 

0 


E=119.5V  5143.4_n 

99.6  W 


j 


Schematic 

Conductors 

R=o.6  n 

IR=0.54  V 
P=0.49  W 
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Dielectric  Strength  of  Common  Insulatois 


MATERIAL 

DIELECTRIC 
STRENGTH, 
V/MIL 

MATERIAL 

DIELECTRIC 
STRENGTH, 
V/MIL 

Air  or  vacuum 

20 

Paraffin  wax 

200-300 

Bakelite 

300-550 

Phenol,  molded 

300-700 

Fiber 

150-180 

Polystyrene 

500-760 

Glass 

335-2,000 

Porcelain 

40-150 

Mica 

600-1,500 

Rubber,  hard 

450 

Paper 

1,250 

Shellac 

900 

Paraffin  oil 

380 

Common  Uses  of  Conductois 


Types  of  Wire  Conductors 
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Standard  Copper  Wire  Gauge  Sizes 


AMERICAN  STANDARD  WIRE  GAUGE 
(ACTUAL  SIZE) 


OHMS  PER 

t 

OHMS  PFr; 

1,000  FT 

1,0C*  . : 

CIRCULAR- 

OF  COPPER 

CIRCULAR- 

OF  COF 

GAUGE 

DIAMETER, 

MIL 

WIRE 

GAUGE 

DIAMETER, 

MIL 

WIRF 

NO. 

MILS 

AREA 

AT  25  C* 

NO. 

MILS 

AREA 

AT  2f  '.  ■ 

1 

289.3 

83.690 

0,1264 

21 

28.46 

810.1 

13.'" 

2 

257.6 

66.370 

0.1593 

22 

25.35 

642.4 

16. 

3 

229.4 

52.640 

0.2009 

23 

22.57 

509.5 

20.7b 

4 

204.3 

41.740 

0.2533 

24 

20.10 

404.0 

26.17 

5 

181.9 

33.100 

0.31S5 

25 

17.90 

320.4 

33.00 

6 

162.0 

26,250 

0.4028 

26 

15.94 

254.1 

41  62 

7 

144.3 

20,820 

0.5080 

,  / 

14.20 

201.5 

52.48 

8 

128.5 

16,510 

0.6405 

28 

12.64 

159.8 

66.17 

9 

114.4 

■3,090 

0.8077 

29 

11.26 

126.7 

8r.44 

10 

101.9 

10,380, 

1.018 

30 

10.03 

100.5 

105.^5 

11 

90.74 

8,234  '  ■ 

-    1 .284 

131 

8.928 

79.70 

132.7 

12 

80.81 

6,530 

1.619 

32 

7.950 

63.21 

167.3 

13 

71.96 

5,178 

2.042    V  33 

7.080 

50.13 

21 1.0 

14 

64.08 

4,107 

2.575  j 

34 

F  j05 

39.75 

266.0 

15 

57.07 

3,257 

3.247  ' 

35 

F  ■j^5 

31.52 

335.0 

16 

50.82 

2,583 

4  094 

3B 

5.000 

25.00 

423,0 

17 

45.26 

2,048 

5.-;  63 

4.453 

19.83 

533.4 

18 

40.30 

1  624 

6  510 

38 

3.365 

1 5.72 

672.6 

19 

35.89 

1,288 

8.210 

39 

3.531 

12.47 

848.1 

20 

31.96 

1 ,02^' 

10  35, 
-  .   t 

■*0 

3.145 

9.88 

1.069 

'20  to  25  C  or  68  to  77  F  is  consideroc!  jver^  ;   roof'^  temperalure 
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Properties  of  Conducting  iaterials 


SERIAL 

DESCRIPTION 
AND  SYMBOL 

p= SPECIFIC 
RESISTANCE, 
AT  20°C, 

cmilA/ft 

( 
F 

jminum 

Element  (Al) 

17 

ruon 

hiement  (C) 

nstantan 

55%  Cu, 

295 

45%  Ni,  alloy 

pper 

Element  (Cu) 

10.4 

lid 

Element  (Au) 

14 

n 

Element  (Fe) 

58 

mganin 

84%  Cu.  12%  Mn, 

270 

:hrorne 

4%  Ni,  alloy 

1 

85%  Ni,  23%  Fe, 

676 

;kel 

12%  Cr,  alloy 

Element  (Ni) 

52 

i/er 

Element  (Ag) 

9.8 

jel 

99.5%  Fe, 

100 

0.5%  C,  alloy 

ngsten 

Element  (W) 

33.8 

EMPERATURE 


O.on: 

C     .^:  age) 


0.004 
0.004 
0.006 

0  (average) 

0.0002 

0.005 
0.004 
0.003 

0.005 


stings  approximate  only,  since  precise  valuej  depend  on  exac:  compo  i  ion  of  malarial 
jrbon  has  about  2,500  to  7,500  times  the  resistance  of  copper.  Graphite  is  a  form  of  carbon. 


MELTING 
POINT 


660 
3000 
1210 


1063 
1535 
910 

1350 

1452 
961 
1480 

3370 
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CONDUCTORS  AND  INSULATORS 
UNIT  VIII 


ASSIGNMENT  SHEET  #1-CALCULATE  WIRE  DIAMETERS 
 CROSS^SEeTtONALAREASrANDRESISTANCE  ' 


The  diameter  of  a  copper  wire  is  .040  inch. 

a.  What  is  the  circular  mil  area  of  the  wire? 

b.  What  is  the  AWG  size? 


c.     What  is  the  resistance  of  a  100-ft  length? 
As  the  AWG  number  of  wire  increases, 
a.     The   diameter   of   the  wire 


(increases/decreases) 


b.  The  cross-sectional  area  of  the^wire  Jincreases/decreases) 

c.  The  resistance  ( increases/decreases) 

d.  The  voltage  (IR)  drop  of  the  wire  in  a  circuit  (increases/ 
decreases)   '  

Circular  mil  ohm  per  foot  (cmil-ohm/ft)  represents:  (check  one) 

 3'  The  breakdown  voltage  of  an  insulator 

b.  The  resistivity  of  a  semiconductor 
 c.  The  resistivity  of  a  wire  conductor 


_d.  The  cross-sectional  area  of  a  wire  conductor 


The  symbol  p  (Greek  letter  "rho")  stands  for  (check  one): 

 a-  the  cross-sectional  area  of  a  conductor 

 b.  the  resistivity  of  conducting  material 


_c.  the  breakdown  voltage  of  a  dielectric 


^d.  the  temperature  coefficient  of  conducting  materials 


ASSIGNMENTSHEET*! 


The  symbol  a  (Greek  letter  "alpha")  stands  for  (check  one): 

 a-  The  temperature  coefficient  of  conducting  materials 

 b.  The  specific  resistance  of  conducting  materia! 

 c.  The  dielectric  strength  of  insulators 

 d.  The  resistivity  of  semiconductors 

Calculate  the  total  resistance  (to  nearest  .1  ohm)  of  the  following  wires  (at  room 
temperature): 


a. 

1000  ft  of  No.  14  copper  wire 

R  = 

b. 

250  ft  of  No.  26  copper  wire 

R  = 

c. 

51 1  ft  of  No.  20  copper  wire 

R  = 

d. 

100  ft  of  aluminum  wire  with  a  diameter  of  .040  in. 

R  = 

e. 

1500  ft  of  silver  wire  with  a  diameter  of  .003  in. 

R  = 

A  twin^lead  cable  of  No.  20  copper  wire  is  short-circuited  at  one  end  The  resistan 
reading  at  the  open  end  is  2  ohms.  What  is  the  cable  length  in  feet  at  roo 
temperature?  ft. 


A  coil  is  wound  with  3000  turns  of  No.  18  copper  wire.  If  the  average  amount  of 
wire  in  a  turn  is  4  in., 

a.     How  much  is  the  total  resistance  of  the  wire?  '  ohms 


b.     What  will  be  the  resistance  if  No.  26  copper  wire  is  used  instead? 


If  200  ft  of  wire/ias  to  be  used,  what  is  the  smallest  size  of  copper  wire  that  will  limit 
the  line  drop  of  5  V,  with  120  V  applied  with  a  6  A  load? 


Calculate  the  following  for  the  circuit  below: 


ohms 


a. 


100  Ft.  No.  16  Copper  Wire 


f  I 


6 


E  =  1 


20  V 


p 


100  Ft.  No.  16  Copper  Wire 
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ANSWERS  TO  ASSIGNMENT  SHEET  #1 


1.  a. 
b. 


1600  cmils 
No.  18 


c.  0.65  ohms 

2.  a.  decreases 

b.  decreases 

c.  increases 

d.  increases 

3.  c 

4.  b 

5.  a 

6.  a.  2.6  ohms 

^    b.  10.4  ohms 

c.  5.3  ohms 

7.  ^  100  ft. 

8'  a.  6.51  ohms 

b.  41.62  ohms 

9.   No.  16  wire 

10.  a.  30  amps 

b.  3.18  ohms 


d.  1.1  ohms 

e.  1633.3  ohms 
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NAME 


TEST 


Match  the  terms  on  the  right  with  their  correct  definitions 

 a.  One  thousandth  of  an  inch 

 b.rA  material  of  very  high  resistance  which 

is  capable  of  holding  or  storing  an  electrical 
charge 

 ^c.  The  capacity  of  a  conducting  rod  of  unit  ' 

length    and   cross-sectional    area   to  allow 
electrical  current  flow  ^ 

 d.  The  cross-sectional  area  of  a  wire  calculated 

by  squaring  the  wire  dianfieter  in  mils^ 

 e.  A  material  having  relatively  high  resistance  at 

room  temperature,  whose  electrical 
characteristics  can  be  changed  and  controlled 
by  various  techniques,  such  as  by  adding 
other  elements  called  "ii -^rurities" 

 "f-  The    electrical    resistance    of    a    rod  of 

conducting  material  having  a  specified  length 
and  cross-sectional  area 

Distinguish  between  ,conductors,  semiconductors,  and  insulators  by^placing  "C 
next  to  thG  conductors,  an  "S"  next  to  the  semiconductors,  and  an  "I"  next  to  th 
insulators. 

  a.  Air  or  vacuum 


b.  Tungsten 

c.  Shellac 


d.  Silicon 


e.  Nickel 


f.  Rubber 


1 .  Resistivity  or 
specific  resistance 

2.  Conductivity 

3.  Semiconductor 

4.  Dielectric 

5.  Mil 

6.  Circular  mil 
area 


g.  •  Aluminum 

h.  Silver 


i.  Mica 


j.  Sakelite 


k.  Copper 

I.  Paper 

m.  Germanium 


n.  Iron 


o.  Glass 


 p.  Gold 

Describe  four  functional  featijr^s  or  electrical  conductors, 
a. 


b. 


c. 


d. 


Describe  four  functional  features  of  electrical  insulators, 
a. 


b. 


c. 


d. 


Name  three  major  applications  of  conductors. 
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6.  Name  four  types  of  wire  conductors. 

a.   

b.  

c.   , 

d.  .  

7.  Select  true  statements  about  wire  sizes  and  gauge  numbers  by  placing  an  "X"  in 
the  appropriate  blanks. 

 3.  The  American  Standard  Wire  Gauge  is  used  to  determine  wire  resistivity. 

 b.  The  American  Standard  Wire  Gauge  is  used  to  check  wire  sizes. 

 ^c.  "Circular  mil"  is  the  unit  used  to  describe  the  diameter  of  a  conducting  wire. 

 The  cross-sectional  area  of  a  conducting  wire  is  measured  in  square  inches. 

 e.  The  higher  the  gauge  number  of  a  wire,  the  lower  its  resistance. 

 The  higher  the  gau^e  number  of  a  wire,  the  smaller  its  wire  diameter. 

(NOTE:  Refer  to  the  standard  copper  wire  gauge  table  on  the  next  page  for  the  next  four 
items.) 

 g-  The  diameter  of  No.  19  copper  wire  is  35.89  mils. 

 h.  The  diameter  of  No.  21  copper  wire  is  0.028 

 The  cross-sectional  area  of  No.  14  copper  wire  64.08  cmils. 

 _\r   The  resistance  of  100  feet  of  No.  26  copper  wire  is  4.2  ohms. 
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GAUGE 

-DIAMETER 
MILS 

CIRCULAR- 
MIL 
AREA 

OHMS  PER 
1,000  FT 
OF  COPPER 
WIRE 
AT  25%C' 

GAUGE 

NO. 

DIAMETER 

MILS  : 

CIRCULAR- 
MIL 
AREA 

Oiii/S  PER 
1,000  FT 
OF  COPPER 
WIRE  MO 

AT  25""^ 

1 

289.3 

83,690 

0.1264 

21 

28.46 

810.1 

13.05 

2 

257.6 

66,370 

0.1593 

22 

25.35 

642.4 

16.46 

3 

229.4 

52,640 

0.2009 

23 

22.57 

509.5 

20.76 

•  204.3 

41,740 

0.2533 

24 

20.10 

404.0 

26. 1 7 

♦  .- 
1  ^ 

181.9 

33,100 

0.3195 

25 

17.90 

320.4 

162.0 

26,250 

0.4028 

26 

15.94 

254.1 

41  fi9 

7 

144.3 

20,820 

0.5080 

27 

14.20 

201 .5 

.HO 

•8 

128.5 

16,510 

0.6405 

28 

12.64 

1 59.8 

fifi  1  7 

9 

114.4 

13,090 

0.8077 

29 

1 1.26 

1 26.7 

HI  AA 

10 

101.9 

10,380 

1.018 

30 

10.03 

1 00.5 

11 

90.74 

8,234 

1.284 

31 

8  328 

79.70 

1  'XO  1 

12 

80.81 

6,530 

1.619 

32 

7.950 

63.21 

1fi7  T 

13 

71.96 

5  J  78 

2.042 

33 

7.080 

50.13 

91 1  n 

14 

64.08 

4,107 

2.575 

34 

6.305 

39.75 

266.0 

15 

57.07 

oO 

5.615 

31.52 

335.0 

16 

50^2 

2,583 

4.094 

36 

5.000 

25.00 

423.0 

17 

4E  -3 

2,048 

5.163 

37 

4.453 

19.83 

533.4 

18 

4C  .J 

1,624 

6.510 

38 

3.965 

15.72 

672.6 

19 

3f  39 

1,288 

8.210 

39 

3.531 

12.47 

848.1 

20 

31.96 

1,022 

10.35 

40 

3.145 

9.88 

1,069. 

■  *20  to  25  C  or  68  to  77  F  is  considered  average  room  temperature. 

8.  Select  true  statements  about  the  properties  of  conducting  materials  by  placing  an  "X" 
in  the  appropriate  blanks. 

 3-  Specific  resistance  and  resistivity  refer  to  the  same  property. 

 b.  The  symbol  for  resistivity  is  the  Greek  letter  "alpha"  (or). 

'  Resistivity  of  wire  conductors  is  expressed  in  mm^-ohms  per  foot. 

 If  3  conducting  material  has  a  positive  temperature  coefficient,  its  resistivity 

increases  with  temperature. 

 6-  The  resistivity  of  conducting  materials  does  not  change  with  temperature. 

 f'   Cmil-ohms/foot  is  the  expression  for  resistivity. 


9.   Select  the  true  statements  regarding  wire  resistance  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  The  thicker  the  wire,  the  higher  its  resistance. 

 b.  The  longer  the  wire,  the  higher  its  resistance. 
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c.  If  the  resistivity  of  silver  is  9.8  cmil-ohms  per  foot,  the  total  resistance  of  a 
100-ft  length  of  silver  wire  having  a  diameter  of  0.003  in.  is  1089  ohms. 

d.  If  the  resistivity  of  aluminum  is  17  cmil-ohms  per  foot,  the  total  resistance 
of  a  200-ft  length  of  aluminum  wire  having  a  diameter  of  0.01  in.  is  20 
ohms. 


 e.   If  the  resistivity  of  steel  is  100  cmil-chms  per  foot,  the  total  resistance  of  a 

10-ft  length  of  steel  wire  having  a  cross-sectional  area  of  50  cmils  is  2  ohms. 

10.   Name  three  desirable  properties  of  wire  insulation. 


a. 


b. 


11.   Calculate  diameters,  cross-sectional  areas,  and  resistance. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your  instructor 
when  it  should  be  completed.) 
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UNIT  VIII 


ANSWERS  TO  TEST 


a. 

5 

d. 

6 

b. 

4 

e. 

3 

c. 

2 

f. 

1 

a. 

1 

f. 

1 

k. 

C 

b. 

C 

g- 

1. 

1 

c. 

1 

h. 

c 

m. 

S 

d. 

s 

i. 

1 

n. 

C 

e. 

c 

j- 

1 

0. 

I. 

Description  should  include: 

a.  Many  free  electrons 

b.  Low  resistance  to  electrical  current 

c.  Little  voltage  drop 

d.  Low  power  dissipation 

Description  should  include: 

a.  Few  free  electrons 

b.  High  resistance  to  electrical  current 

c.  Hold  or  store  an  electrical  charge 

d.  High  dielectric  strength 

Any  three  of  the  following: 

a.  Wiring 

b.  Switches 

c.  Pilot  lamp  filaments 

d.  Fuses  and  circuit  breakers 

Any  four  of  the  following: 

a.  )lid 

b.  cranded 

c.  /ire  braid 

d.  Daxial  cable 

e.  ^.  mnAead  cable 

f.  Flat  cable 


b,  f,  g,  h,  j 
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10.  Any  three  of  the  following: 

a.  High  resistance 

b.  Toughness 

c.  Flexibility 

d.  Nonbrittleness  wUh  aging 

11.  Evaluated  to  the  satisfaction  of  the  instructor. 
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OHM'S  LAW 
UNIT  IX 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  state  Ohm's  law  and  use  Ohm's 
law  to  solve  prot'ems.  The  student  should  also  be  able  to  use  Ohm's  law  ...  h  circuit 
measurements.  This  knowledge^witt  be^evidenced  by  correctly  performing  the  .  dures 
outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  tes' 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  the  terms  on  the  right  with  the  correct  definitions. 

2.  Match  letter  designations  used  in  Ohm's  law  with  the  correct  terms. 

3.  State  Ohm's  law. 

4.  Draw  the  circular  expression  of  Ohm's  law. 

5.  List  three  uses  of  Ohm's  law. 

6.  Solve  problems  for  an  unknown  voltage. 

C 

7.  Solve  problems  for  an  unknown  current. 

8.  Solve  problems  for  an  unknown  resistance. 

9.  Demonstrate  i  .j  ability  to  use  Ohm's  law  with  c-rcuit  measurements. 


BE  -  295-C 


OHM'S  LAW 
UNIT  IX 


SUGGESTED  ACTIVITIES 


I.      Provide  student  with  objective  sheet. 

1  i.      Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 
VII.       Give  students  additional  problems  when  working  with  Ohm's  law. 
VIII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1--0hm's  Law 

2.  TM  2--0hm*s  Law  Magic  Circle 

3.  TM  3--0hm's  Law-Computing  Resistance 

4.  TM  4--0hm's  Law-Computing  Current 

5.  TM  5  -Ohm's  Law-Computing  Voltage 

D.  Assignment  sheets 

1 .  Assignment  Sheet  #1  -Solve  Problems  for  an  Unknown  Voltage 

2.  Assignment  Sheet  #2-Solve  Problems  for  an  Unknown  Amperar- 

3.  Assignment  Sheet  #3-Solve  Problems  for  an  Unk/.own  Resistance 

3?5 
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E.  Answers  to  assianment  sheetS/j 

F.  JoL)  Sheot  #1--Use  Ohm's  Lavi/  with  Circuit  Measurements 

G.  Test 

H.  Answers  to  test 
II.  References: 

A.  Grob,  Bynard.  Basic  Electronics.  New  York:  McGraw-Hill,  1977. 

B.  The  i  adio  Amateur's  Handbook.  Newington,  CT:  ARRL,  1978. 
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OHM'S  LAW 
UNIT  IX 

INFORMATION  SHEET 

I.       Terms  and  definitions 

A.  Volt-  Unit  of  measure  of  electromotive  force  or  potential  difference 

B.  Ohm  -Unit  of  measure  for  the  opposition  to  electron  flow  in  a  circuit 

•  C.     Ampere-Unit  of  measure  for  the  intensity  of  electron  flow  (current)  in  a 
circuit 

D.  Watt -Unit  of  measure  for  power 

E.  Direct  proportion-A  situation  where  one  variable  moves  in  the  same 
direction  as  another  variable  when  other  conditions  remain  constant 

Example:  Current  doubles  as  voltage  is  doubled  when  resistance  is 
held  constant;  thus,  voltage  and  current  are  directly 
proportional 

F.  Inverse  proportion  -A  situation  where  one  variable  moves  in  the  opposite 
direction  from  another  variable  when  other  conditions  remain  constant 

Example:  With  a  constant  voltage,  current  increases  when  resista*^^:} 
decreases;  thus,  current  and  resistance  are  inversely 
proportional 

G.  Amperage- Level  of  current  flow 
II.       Letters  and  terms  used  in  Ohm's  law 

A.  E  -Electromotive  force  (emf)  in  volts 

B.  1-  Electrical  current  in  amperes 

C.  R -Resistance  in  ohms 

ill.       Ohm's  law-The  current  (amperes)  in  an  electric  circuit  equals  the  electromotive 
force  or  potential  (volts)  divided  by  the  resistanc.   'ohms)  (Transparency  1) 

IV.       Ohm's  law  in  circular  expression  (Transparency  2) 
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INFORMATION  SHEET 

v.       Uses  of  Ohm's  law 

A.  Calculating  circuit  resistance  (Transparency  3) 
Example:         R  = 

B.  Calculating  circuit  amperage  (Transparency  4) 
Example:         I  = 

R 

C.  Calculating  circuit  voltage  (Transparency  5) 
Example:         E  =  IR 


ERIC 


Ohm's  Law 


One  volt  is  required  to  push  one  amp  through  one  ohm  resis- 
tance. 

E-IR  ■ 
Volts  =  Amperes  x  Ohms 
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Ohm's  Law  Magic  Circle 


(AMPERES) 


R 

(OHMS) 
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Ohm's  Law-Computing  Resistance 

R  =  OHMS 

 +WV3  1 

E  =  10  volts 

 ► 

1  =  2  amps 

What  is  the  resistance  value  of  the  resistor  in  this  circuit? 

E  =  IR  R=f  R  =  lOvolt^  =  5  ohms 

I  2  amperes 

383 


Ohm's  Law-Computing  Current 


+ 


R  =  17  ohms 


E-  68  Volts 


amps 


How  many  amperes  of  current  are  flowing  in  this  circuit? 


E  =  IR 


E 

R 


68  volts  , 


Ohm's  LaW"L  luting  Voltage 


ii  =  11  ohms 


2  amperes 


E  =  volts 


What  voltage  is  being  supplied  by  the  battery? 


=  IR    E  =  2amperesx  11  ohms,  E  =  22  volts 
The  value  of  the  voltage  being  supplied  by  the  battery  is  22, 
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OHM'S  LAW 
UNIT  IX 


ASSIGNMENT  SHEET  #1 -SOLVE  PROBLEMS  FOR  AN  UNKNOWN  VOLTAGE 


Directions:  Apply  the  appropriate  formula  from  Ohm's  law  to  find  the  voltage  in  the 
following  problems. 


EJ^ample: 


Problems: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

a. 

9. 
10. 


2  amps,  60  ohms  = 


volts 


Answer:   E  =  IR  =  2  x  60  =  120  volts 


Amps 

20 

4 

9.6 
5 

75 

2x  10' 
1  X  10" 
S(x 
2m 
1 


Ohms 
6 

60 
2.5 
3 

0.16 
5x  10^ 
10  X  10^ 
1M 
2K 
1 


Volts 


339 

o 
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OHM'S  LAW 
UNIT  IX 


ASSIGNMENT  SHEET  #2-S0LVE  PROBLEMS  FOR  AN  UNKNOWN  AMPERAGE  - 

Directions:  Apply  the  appropriate  formula  to  find  the  amperage  in  the  following  problems. 

Example:         1 20  volts,  40  ohms  =  amps 

Answer:    I  =  E/R  =  1 20/40  =  3  amps 

Problems: 

Volts  Ohms  Amps 

1.  240  12   

2.  '^^         110  11   

3.  440    "  20   

4.  1 20  30 

a   

5.  24  3 


6.  12  1 

7.  5x10'^  1 

8.  2  X  10'^  4  X  10"^ 

9.  20  KV  5x10^^ 
10.  1  KV  0.5  X  10^ 


o 

ERIC 


BE  -  313-C 


>  OHM'S  LAW 
J      UNIT  IX 


ASSIGNMEWt  SHEET  #3--S0LVE  PROBLEMS  FOR  AN  UNKNOWN' RESISTANCE 


Directions:  Apply  the  appropriate  formula  to  find  resistance. 
Example:        440  volts,  10  amps  =  ohms 


Problems: 


Answer:    R  =  E/l  =  440/1 0    44  ohms 


Volts  Amps  Ohms 

1.  240  4  

2.  24  9.6   

3.  12-  5   

4.  230  5   

5.  24  8 


6.  24  2  mA 

7.  12  2  Ilk 

8.  1  KV  5  mA 

9.  1x10-^  0.5x10'^ 
10.  2.5x10^  5x10'^ 
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UNIT  IX 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 
1 . . 1 20V 

2.  240V 

3.  24V 

4.  15V 

5.  12V 
Assignment  Sheet  #2 

1.  20 A 

2.  10A 

3.  22A 

4.  4A 
..  5.  8A 

Assignment  Sheet  #3 

1.  60  n 

2.  2.5  n 

3.  2.4  n 

4.  46  n 

5.  3n 


6..  10V 

7.  0.01  or  10"^V 

8.  8V 

9.  4V 
10.  IV 

6.  12A 

7.  5  X  10"^  or  0.000005  or  5 /iA 
7      8.  500  X  10"^  or  0.5  or  5mA 

9.  4  X  10"^  or  0.004  4mA 

10.  2x10"^  or  0.002  or  2mA 

6.  1  2K  or  1  2,000  n 

7.  4M  or  4,000,000  n 

8.  200K  or  200,000  H 

9.  2x10^  or  2,000,000  n 

10.  500K  or  500,000.  n 
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OHM'S  LAW 
UNIT  IX^ 


JOB  SHEET  #1-USE  OHM'S  LAW  WITH  CIRCUIT  MEASUREMENTS 
Tools  and  materials 

A.  Power  supply,  0-6V  DC  or  equivalent 

B.  One  3.3-Kohm  resistor  and  one  l-Kohm  resistor 

C.  Multimeter  (or  ammeter  and  voltmeter) 

D.  Switch,  SPST       -  .  ^ 
Procedure              «     '           .         .      .  / 

A.     Connect  the  DC  power  supply  to  one  3.3  Kohm  resistor  in  series  with  an 
ammeter  (Figure  1) 


FIGURE  1 


B.  Turn  on  the  pfewer  supply  and  adjust  for  a  3  volt  output 

C.  Close  the  switch,  then  read  and  record  the  ammeter  indication  in  the  data 
table^(Table  1) 


DATA  TABLE 
« 

Step  C 
Step  E 
Step  I  ■  . 
Step  L 
Step  M 
Step  N 


OBSERVED 


E 

3V 
3V 


R 

3.3K 
3.3K 
4.3K 
3.3K 
3.3K 
3.3K 


COMPUTED 


I  R 
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'    JOB  SHEET  #1 

D.  Increase  the  output  of  the  power  supply  to  6  volts 

E.  Read  the  ammster  indica^on  and  record  in  the  data  table 

F.  Compare  the  current  observed  in  Step  C  with  that  observed  in  Step  E 

{NOTE:  With  no  change  in  resistance,  an  increase  in  voltage  results  in 
(increase)  (decrease)  of  circuit  current.) 

G.  Turn  off  the  power  supply  and  install  both  resistors  in  series  with  the 
ammeter  (F-gure  2) 


Rl  R2 


FIGURE  2 

H.  Turn  on  the  power  supply  and  adjust  for  a  3  volt  output 

I.  Read  the  ammeter  indication  and  record  in  the  data  table 

J.     Compare  the  current  observed  in  Step  I  with  that  observed  in  Step  C 

(NOTE:  With  no  change  in  voltage,  does  an  incre^e  in  resistance  result 
in  an  increase  or  decrease  of  circuit  current?) 

K.     Connect  a  voltmeter  across  the  3.3  Kohm  resistor 

L.     Read  the  voltmeter  indication  and  record  in  the  data  table 

M.    Observe  the  ammeter  indication  and  adjust  the  power  supply  for  a  slight 
increase  in  the  circuit  current 

N.     Read  the  voltmeter  indication  and  record  in  the  data  table 

0.    Compare  the  voltage  observed  in  Step  L  with  that  observed  iaStep  N 

(NOTE:  With  no  change  in  resistance,  does  an  increase  in  current  result 
in  increase  or  decrease  of  voltage?) 

P.     Use  the  observed  values  for  E,  I,  and  R  and  compute  these  values  using 
Ohm's  law 

Q.     Record  your  results  in  the  spaces  provided  in  the  data  table 
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OHIvrS  LAW 
UNIT  IX 

NAME   

TEST 

1 .   Match  the  terms  on  the  right  to  the  correct  definition. 


Unit  of  measure  of  electromotive  force 
or  potential  difference 


c. 


Unit  of  measure  for  the  opposition  to 
electron  flow  in  a  circuit 

Unit  of  measure  for  the  intensity  of  electron 
flow  in  a  circuit 


d.  Unit  of  measure  for  power 


_^e.  A  situation  where  one  variable  moves  in 
the  same  direction  as  another  variable  when 
other  conditions  remain  constant 

f.  A  situation  where  one  variable  moves  in 
the  opposite  direction  from  another  variable 
when    other   conditions    remain  constant 

g.  Level  of  current  flow 


1.  Ampere 

2.  Watt 

3.  Volt 

4.  Ohm 

5.  Inverse 
propor- 
tion 

6.  Direct 
propor- 
tion 

7.  Amperage 


2.  Match  the  letter  designations  on  the  right  with  the  correct  terms. 

 a.  Electromotive  force  in  volts  ^       1.  R 

 b.  Electrical  current  in  amperes  2.  E 

 c.   Resistance  in  ohms  3.  | 

3.  State  Ohm's  law. 

4.  Draw  the  circular  expression  of  Ohm's  law. 


320-0 

5.  List  three  uses  of  Ohnn*s  law. 
a. 

b.   ^  \ 

c.  

6.  Solve  for  unknown  voltage  when  I  =  2  milliamps  and  R  =  3  kilo-ohms 
E  =  

,    7.  Solve  for  unknown  current  when  E=  12  volts  and  R  =  12  ohms 
I  =  

8.  Solve  for  unknown  resistance  when  E  =  1 10  volts  and  I  =  2  amperes 
R  =  

9.  Demonstrate  the  ability  to  use  Ohm's  law  with  circuit  measurements. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your  instructor 
when  it  should  be  completed.) 
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OHM'S  LAW 
UNIT  IX 


ANSWERS  TO  TEST 


5.  a.     Calculating  circuit  resistance 

b.  Calculating  circuit  amperage 

c.  Calculating  circuit  voltage 

6.  6  volts 

7.  1  ampere 

8.  55  ohms 

9.  Performance  skill  evaluated  to  the  satisfaction  of  the  instructor 
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SERIES  CIRCUITS 
UNITX 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  determine  total  voltage,  voltage 
drops  across  resistances,  and  the  total  resistance  in  a  series  circuit.  The  student  should  also 
be  able  to  measure  voltage  drops  and  analyze  current  values,  resistance,  and  power  in  a  series 
circuit.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined 
in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit.the  student  should  be  able  to: 

1.  Match  terms  associated  with  series  circuits  with  their  correct  definitions. 

2.  Match  abbreviations  or  symbols  with  their  correct  definitions. 

3.  Select  true  statements  concerning  rules  for  series  crcuits. 

4.  Distinguish  between  a  direct  and  partial  short  circuit. 

5.  Determine  total  voltage  in  a  series  circuit. 

6.  Determine  voltage  drops  across  resistances. 

7.  Determine  total  resistance  in  a  series  circuit. 

8.  Determine  current  in  a  series  circuit. 

9.  Determine  one  unknown  circuit  value  in  a  series  circuit. 

10.  Determine  several  unknown  values  in  resistive  series  circuits. 

1 1 .  Compute  the  power  dissipated  in  a  resistive  series  circuit. 

12.  Demonstrate  the  ability  to: 

a.  Measure  voltage  drops  in  a  series  circuit. 

b.  Analyze  current  values  in  a  series  circuit. 

c.  Analyze  resistance  and  power  in  a  series  circuit. 
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SERIES  CIRCUITS 
UNITX 

SUGGESTED  ACTIVITIES* 
I.       Provide  student  with  objective  sheet. 

II.       Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific, objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.       Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 
VII.       Mask  out  color  codes  and  let  students  determine  standard  resistor  values. 
VIII.       Practice  connecting  resistors  in  series. 
IX.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.        Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C     Transparency  masters 

1.  TM  1 --Memory  Wheel  for  Solving  Problems 

2.  TM  2-Simple  Series  Circuit 

3.  TM  3-Combined  Series  Circuit 
0.     Assignment  sheets 

1.  Assignment  Sheet  #1 -Determine  Total  Voltage  in  a  Series  Circuit 

2.  Assignment  Sheet  #2-Determine  Voltage  Drops  Across  Resistances 

3.  Assignment  Sheet  #3-Determine  the  Total  Resistance  in  a  Series 
Circuit 

4.  Assignment  Sheet  #4"Determine  Current  in  a  Series  Circuit 

5.  Assignment  Sheet  #5"Determine  Unknown  Circuit  Values 

ERIC 


6.  Assignment  Sheet  #6-0etermine  Unknown  Values  in  a  Resistive  Ser- 
ies Circuit 

7.  Assignment  Sheet  #7"Compute  the  Power  Dissipated  in  a  Resistive 
Series  Circuit 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1 .  Job  Sheet  #1 -Measure  Voltage  Drops  in  a  Series  Circuit 

2.  Job  Sheet  #2--Analyze  Current  Values  in  a  Series  Circuit 

3.  Job  Sheet  #3- Analyze  Resistance  and  Power  in  a  Series  Circuit 

G.  Test 

H.  Answers  to  test 
References: 

A.  Radio  Amateur's  Handbook.  Newington,  CT:  ARRL,  1978. 

B.  Grob,  Bernard,    Basic  Electronics.     New  York:    McGrjv.'  lill,  1977. 

C.  IEEE  Standard  Dictionary  of  Electrical  and  Electronic  Terms.  New 
York:    John  Wiley  and  Sons,  1972, 
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SERIES  CIRCUITS 
UNITX 


INFORMATION  SHEET 


I.       Terms  and  definitions 

A.  Series  circuit--A'circuit  where  the  same  current  passes  through  each  compo- 
nent 

B.  Short  circuit--An  abnormal  connection  of  relatively  low  resistance  between 
two  points  of  differing  potential  in  a  circuit 

C.  Fuse--An  overcurrent  protective  device  with  an  element  that  melts  and 
opens  the  circuit  when  overheated 

D.  Open  circuit--A  circuit  with  no  available  path  for  current  flow  (infinitive 
resistance) 

E.  Circuit--A  system  of  conductors  through  which  an  electric  current  is  intend- 
ed to  flow 

F.  Circuit  breaker-  A  device  designed  to  switch  open  a  circuit  automatically 
when  a  current  overload  exists 

G.  Voltage  drop-The  difference  of  voltages  at  two  terminals  of  a  compo- 
nent having  opposition  to  current  flow 

H.  Applied  voltage-The  sum  of  the  series  IR  drops  (Kirchhoff's  Law) 
I-      IR  drop-Voltage  derived  from  Ohm's  law 

I.        Abbreviations  or  symbols  and  definitions  (Transparency  1 ) 
A.     I J    Total  current 
8.     E  J  -  Total  voltage 


E.  R^  --  Resistor  number  1 

(NOTE:  Resistor  number  2  is  R2,  and  this  method  of  numbering  continues 
for  other  resistors.) 

F.  V^     Voltage  across  R^  which  equals  IR^ 

(NOTE:  E  can  be  used  instead  of  V  for  voltage,  eg.  E-.  Other  resistors 
are  numbered  in  this  same  manner.) 


C. 


(NOTE:  E^  also  equals  the  total  or  applied  voltage.) 
R  J    Total  resistance 


D. 


Total  power  dissipated 
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SERIESCIRGUITS 
UNIT  X 

INFORMATION  SHEET 

G.  .       -  Power  dissipated  by  resistor  R^ 

(NOTE:  This  method  of  numbering  is  the  same  for  P2,  Pg/  etc.) 

H.  Pp^  "Power  dissipated  by  resistor  R^ 

(NOTE:  This  method  of  numbering  is  the  same  for  R2,  R3,  etc.) 

I.  Vp^  A/oltage  across  R^ 

(NOTE:  This  method  of  numbering  is  the  same  for  R2,  R3,  etc.) 

III.  Rules  for  series  circuits  (Transparencies  2  and  3) 

A.  Applied  voltage 

1.  Sum  of  the  voltage  drops  equals  the  applied  voltage 
(NOTE:  This  is  Kirchhoff'.s  Law.) 

2.  Voltage  H  >ps  are  additive 

B.  Largest  voltage  drop  is  across  the  component  with  the  most  resistance 

C.  Resistance 

1 .  Sum  of  resistances  equals  the  total  resistance 

2.  Resistance  is  additive 

0.     Current  is  same  thrcjgh  all  components 

(NOTE:  At  every  point  in  a  circuit  Ohm's  law  is  true.) 

IV.  Short  circuit; 

A.     Direct  short 


Memory  Wheel  for  Solving  Problems 
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Current  measured  by  M1  will  equal  that  of  M2. 

•    406  o 
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Combined  Series  Circuit 


R1  10A 


R2  ion 


.R3  ion 


r 

Current  measured  by  M1  will  equal  that  of  M2,  M3  or  M4, 
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SERIES  CIRCUITS 
UNITX 


ASSIGNMENT  SHEET  #1^-DETERMINE  TOTAL  VOLTAGE  IN  A  SERIES  CIRCUIT 


1.  En 


2-  = 


2  A 

<2> 


/ 


2A 
<A)- 


R  =  250. 


R  =  50r\ 


3.  E- 


Et 


4  A 


R  =  10Kn  X. 

/  - 


J 


4.  En 


20  A 


R1  -  20 


"R2  =  30-rL 


40  0 
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5.  E- 


Rl  =  120.r\ 

— WV — 


6.     E-r  = 


Et 


2  A 


R2  =  20r\ 


!R3  =  30-rL 


<5> 


20  m  A 


R2 

■AVV- 
3 


"1 

2  KJTX 
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ASSIGNMENT  SHEET  #2-DETERMlNE  VOLTAGE  DROPS  ACROSS  RESISTANCES 
1.  True  or  False? 

 ^AA^  


Vpj  ^  is  greater  than  V 


R2 


27  Kn. 


2.   The  largest  voltage  drop  is 
a.  V, 


R2 

lOO-TL 


R1 


b.  V 


c.  V 


R2 


R3 


3.   E^  = 


4-  = 


5.  E 


Rl 

AW- 


27  Kn 


R3 
33  K-H. 
+ 


Et 


vri 

15  V 


Rl 


Ea 


Vri  =  10 V 
^A/v — 

Rl 


R3 

AW 


Vr3-  20  V 
+ 


Ea 


R2 

lOK-O. 


R2  ^  Vr2=  10 V 


R2  ^VR2 
15  V 


25  V  >  R2 


R 1  >_  5  V 


1 
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ASSIGNMENT  SHEET  #3-DETERMINE  THE  TOTAL  RESISTANCE  IN  A  SERIES  CIRCUIT 


1.    R^  = 


2A 

<5> 


R>  Vr=  12V 


2.    Rj  = 


5A 


Ea  =  25  V 


3.   Rj  = 


Ea  =  30  V 


Load 


10A 


4  «  5^ 
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ASSIGNMENT  SHEET  #4--DETERMINE  CURRENT  IN  A  SERIES  CIRCUIT 


Directions:  Determine  the  current  in  the  following  series  circuits.  Be  sure  to  indicate  units. 
1.  1= 


—   Ea  =  250  V 


R  = 125i^ 


2.  I 


—    Ea  =  200  V 


R  =  400-0. 


(NOTE:  Give  answer  in  milliamperes.) 

 wvw- 

R  =  5  K/\ 
_  Ea  =  200  V 
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ASSIGNMENT  SHEET  #5-DETE RMINE  UNKNOWN  CIRCUIT  VALUES 


1.  I 


R1 


+  —I         30  V 


5  jTL 
R2 

lorL- 


10  V 


2.  I 


R2 


3.  I 


R3 


Ea 

40  V 


lorL  <20v 


R2=  ion 
-^wv — 


20  V 


4.  V 


R2 


Ea 

30  V 


Ri 

5  -O-  <  5  V 


R3=  15/1 

— ^A/v- 

15  V 


R2=  10/\ 

—^A/\J — 

10  V 


Vri 


Vr2 
■AA/V 


Ri  =  ion 
-Ea 


R2=  5  n 


4a(A. 


(NOTE:  The  Ohm's  law  formula  applies  to  all  parts  of  a  circuit.) 
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ERIC 


5.   R2  = 


AA/V 
6  V 


3A 

<2> 


6  V  >  R2 


6.  V, 


7.  R 


O  WV  VnA  ^AAr 


Rl  =  20rL     R2=20J1  R3=10n 


100  V 


8.  V, 


150  V 


3mA 


O  Wv- 


100  V 


■AAA  WV- 

R2  R3 


4i. 
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ASSIGNMENTSHEET#6--DETERMINE  UNKNOWN  VALUES 
IN  A  RESISTIVE  SERIES  CIRCUIT 


1.   R2  = 


R-?  =  2/1. 


-AA/V  

Rl  =  5J^ 


R2 


(NOTE:  First  solve  for  Hj 
2-   Vri  --^  


<3= 
■AW 


2A 

<5> 


■A/VV 


Ea 

25  V 


Rl  =  ^os\ 


R3=  15/1 
-~f\/V\  


(MOTE:  To  solve  for  any  one  part  of  a  cTrcuit,  you  must  have  two  known  values  of 
that  part.  If  solving  for  volts,  you  must  first  find  amps  and  ohms.) 

3.   Determine  the  quantities  indicated. 

AAA^  ^AAr 


Rl  =  7rL      R2  =  3n 

;  Ea      ,  ^R3  =  2rL 


60  V 


R4  =  3/1 

-^wv— 


a. 
b, 


Rt  = 


d. 


4.   Determine  the  quantities  indicated 


a.  I 

b.  \ 


R2 


c. 
d. 


10  K/l 


(NOTE:  5mA  =  .005A) 
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5.   Determine  the  quantities  indicated. 


"-L  R 1  =  30  K  /\  _ 

-        Rj=  100  K/l  R2 

R3  =  20  K  n  ^ 
 /Wv  


V ) 500  V 


a.  R2  = 
^-     'r3  = 


c.  L 


e.  V 


R3 


f.  = 


6.   Determine  the  quantities  indicated. 


5  KV 


-  ^  Ri=25Kn 


"15KV 


R2 

25  Kn 


R3 
AW 


a.  I,= 


b.  V 


R2 


c.     R3  = 


e.      R  J  = 


f.  I 


R3 


7.  What  resistance  value  will  the  lamp  have? 

— ^ 


1A 


100  V 


8.    In  this  circuit,  if  you  wanted  the  lamp  in  problem  7  to  operate  at  50v,  what  would  the 
value  of  R^  have  to  be? 

AVV  

Ri 


Ri  = 


~  100  V 


500  ma 


il7 
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ASSIGNMENT  SHEET  #7--C0MPUTE  THE  POWER  DISSIPATED 
IN  A  RESISTIVE  SERIES  CIRCUIT 


1.  Pn 


rj— 30  V 
WlA 


2.  P 


R1 


3.  P 


R2 


4.   P^  = 


X 


Ea 


2A 


 -^wv — 

J_        Ri  =  i5n 
-Ea 


Pr2=? 

—\^\ — 

R2=  12i^ 


-20  V 


5.   If  the  lamp  is  using  40  watts,  the  current  equals 


Vri 

10  V 


500  ma 


R2 


Ea 

20  V 


40  W 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

1.  50V  4.     1000V  or  1KV 

2.  100V  5.  340V 

3.  40KV  6.  100V 
Assignment  Sheet  #2 

1.  True  4.  45V 

2.  C  5.  30V 

3.  25V 
Assignment  Sheet  #3 

1.  6 

2.  5 

3.  3 

Assignment  Sheet  #4 

1.  2A 

2.  500  mA  or  0.5  A 

3.  40  mA 
Assignment  Sheet  #5 

1.  2A  4.     20V        7.  50KS2 

2.  2A  5.     2  8.  82V 

3.  1A  6.  20V 
Assignment  Sheet  #6 

1.  8n 

2.  5V 


350-C 


3. 

a. 

15n 

"■e. 

T2V 

b. 

4A 

f. 

8V 

c. 

28V 

q. 

12V 

d. 

4A 

h. 

4A 

4. 

a. 

5mA 

d. 

100V 

b. 

50V 

e. 

5mA 

c. 

20K 

^  f. 

250V 

5. 

a. 

50K  n 

d. 

300  V 

b. 

10mA 

G. 

200  V 

c. 

10mA 

f. 

1  KV 

6. 

a. 

200mA 

d. 

5KV 

b. 

5KV 

e. 

75K  n 

c. 

25K  n 

f. 

200mA 

7. 

100  n 

8. 

100  9, 

'\ssignment  Sheet  #7 

1. 

30W 

4. 

40W 

2. 

20W 

5. 

2A 

3. 

3W 

ERIC 
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JOB  SHEET  #1-MEASURE  VOLTAGE  DROPS  tN  A  SERIES  CIRCUIT 
Tools  and  materials 

A.  Power  supply 

B.  Switch  (SPST) 

C.  Two  resistors  of  the  same  value 

D:     One  resistor  of  a  different  value 

E.     Voltmeter  (or  multimeter) 

(NOTE:  Your  instructor  will  give  you  the  value  of  voltage  and  the  value  of 
resistors  to  use.) 

Procedure 

A.     Connpct  the  circuit  according  to  following  schematic  (Figure  1 } 

A^^^^  .c 

FIGURE  1 


Close  the  switch 
C.     Use  the  voltmeter  to  read  and  record 

 • 

V 


R2 
Vr3 


D.  Add  the  voltage  drops  across  the  three  resistors  and  compare  the  sum  witFi 
the  amount  of  applied  voltage 

./^        (NOTE:  Discuss  if  Kirchhoff's  LaW  is  confirmed  by  your  results.) 

E.  Compare  the  voltage  drops  across  R^,  R2  and  Ro  having  the  same  value 
of  ohms  and  with  the  voltage  drop  across  tire  other  resistor 

(NOTE:  Discuss  how  applied  voltage  distributes  itself  across  resistances  of 
unequal  or  of  equal  value.) 

F.  ^    Identify  the  most  negative  point  in  the  circuit 

G.  Return  meter  and  materials  to  proper  storage  area 
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JOB.SHEET  #2--ANALYZE  CURRENT  VALUES  !N  A  SERIES  CIRCUIT 


Tools  and  materials 

A.  Power  supply  J     .  ' 

B.  Switch  (SPST)  '  .     '  \ 

C.  Two  resistors:      -  4.7K,  1  watt;  Rj  =  IK^IW. 

D.  Ammeter  (or  multimeter) 

E.  Voltmeter  .         '  • 

F.  Ohmmeter 
Procedure 

A.  Measure  and  record  the  ohms  value  of  the  two  resistors 

B.  Connect  a  circuit  as  shown  in  the  following  schematic  (Figure  1 ) 

— ^  ^ 


Power 


■A/W  

R'  .  i,  FIGURE  1 


Supply  ^=r  <  ^2 


C.  Close  the  switch  and  adjust  the  power  supply  output  to  24  voits 

D.  Use  the  voltmeter  vo  measure  the  following  voltages 
Vr1=-^  Vp,2  -   E^  =  


E.     Read  and  record     ^  ammeter  indication  I 


F.  Disco  'ri->ct  the  circuit  by  opening  the  switch. 

G.  Use  Oh'Ti's  'aw  and  compute: 


^Rl"—         'r2"  't"  "t^^A* 


,  H.    Compare  the  vali  ;S  of  the  various  current  computations,  and  explain  the 
differences,  if  any,  in  these  values 


4  :  -: 


JOB  SHEET  #2 

Return  meters  and  materials  to  proper  storage  are  . 
(NOTE;  The  fallowing  questions  may  be  discussed  in  class:  ■■ 

1 .  Is  the  current  the- same  through  all  components  in  a  series  circuit?  Why? 

2.  Are  the  voltages  the  same  across  all  components  in  a  series  circuit? 
Why? 

"3.^  How  does  Kirchhoff's  law  apply?) 
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JOB  SHEET  #3"ANALYZE  RESISTANCE  AND  POWE R  IN  A  SERIES  CIRCUIT 

I.  Tools  and  material 

A.  Power  supply  (0-1 2V) 

B.  '  Switch  (SPST) 

C.  Two  resistors  (4. 7K  and  1  K,  1  watt) 

D.  AmmjBter 

E.  Multimeter 

II.  ^  Procedure 

A.  Using  the  ohmmeter^  measure  the  values  of  the  two  resistors 

B.  Connect  the  following  circuit  (Figure  1)  ^ 


SuDDiv^^  "^^  ■'  ^"^l        FIGURE  1 


Power   It 


 \AA  

R2 

C.  Close  the  switch  and  use  the  voltmeter  (across  tho  power  supply)  to  adjust 
the  applied  voltage  to  24  volts 

(CAUTION:  Do  not  exceed  the  maximum  indication  on  the  ammeter.) 

D.  Read  and  record  the  total  current  I  j   =    and   E^  =   

E.  Turn  off  the  power  supply  and  open  the  switch 

F.  Use  the  ohmmeter  and  measure  the  total  resistance  in  the  circuit 
R  J  =  (measured) 
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G.  Compute  Rj  using  measured  values  of  E^^  and  1  j   Rj  =  

H.  Compare  the  ohmmeter  measurement  of  Rj  with  the  computed  value  of 
I'Step  E  with  Step  H).  ^ 

(NOTE:  How  can  the  difference  be  explained?) 

I.  Compute  the  value  of  total  power  dissipated  in  the  circuit 

J.     Compute  the  power  dissipated  by  each  resistor 

^R1  "  '^^1  "  ^R2  "  '^^2  "  

K.     Check  to  see  if  Pj  =  P^^  + 

L     Compute  the  maximum  voltage  you  can  apply  to  R-j 

(NOTE:  P  =  E^/R) 
M.     Return  meters  and  materials  to  proper  storage  area 
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TEST 


1 .   Match  the  terms  on  the  right  with  the  correct  definitions. 
 a.  Voltage  derived  from  Ohm's  law 


_b.  An  abnormal  connection  of  relatively 
low  resistance  between  two  points  of 
differing  potential  in  a  circuit 


jc.  A  device  designed  to  switch  open  a 
circuit  automatically  when  a  current 
overload  exists 

^d.  The  sum  of  the  series  I R  drops 


_e.  A  circuit  where  the  same  current  passes 
through  each  component 

_f.  The  difference  of  voltages  at  two  ter- 
minals of  a  component  having^ppo- 
sitioh  to  current  flow 

_g.  A  circuit  with  no  available  path  for 
current  flow 

_h.  A  system  of  conductors  through  which 
an  electric  current  is  intended  to  flow 

J.  An  overcurrent  protective  device  with  an 
element  that  melts  and  opens  the  circuit 
when  overheated 


2.   Match  the  abbreviations  or  symbols  on  the  right  with  their 

 ^a.  Total  current 

b.  Total  voltage 

 ^c.  Total  resistance 

 d.  Total  power  dissipated 


1.  Series  circuit 

2.  Short  circuit 

3.  Fuse 

4.  Open  circuit 

5.  Circuit 

6.  Circuit  breaker 

7.  Voltage  drop 

8.  Applied  voltage 

9.  I R  drop 


correct  definitions. 
1.  V- 


1 


2.  Pn 


_e.  Resistor  number  1 

J.  Voltage  across  R-]  which  equals  IR^ 

_g.  Power  dissipated  by  resistor  R  ^ 

h.  Power  dissipated  by  resistor  R^  . 


3. 

4.  P 

5.  1^ 
6. 

7. 

8.  P. 


B-1 


J.    Voltage  across  R^ 


9.  V 


R1 


4J6 


3.  Select  the  true  statements  concerning  rules  for  series  circuits  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  The  sum  of  the  voltage  drops  equals  the  applied  voltage 

-   b.  The  sum  of  the  currents  in  each  component  equals'the  total  current 

 ^c.  Voltage  drops  are  additive 

  The  largest  current  flows  through  the  component  with  the  largest  resistance 

 e.  The  largest  voltage  drop  is  across  the  component  with  the  most  resistance 

 "F.  The  sum  of  the  resistances  equals  the  total  resistance 

 g.  Resistance  is  not  additive 

 h.  The  current  is  the  same  through  all  components 


4.    Distinguish  between  a  direct  and  partial  short  circuit  by  placing  an  "X"  next  to  the 
partial  short  circuit. 


 a-   b. 

5.    Determine  the  total  voltage  in  the  series  circuit  below. 


2A 


Determine  the  voltage  drops  across  each  resistor  in  the  schematic  below. 


a.  V 


R1 


V       b.  V 


R2 


r 


50V 


lOKA 

R2  = 
40Kn. 


Determine  the  total  resistance  in  the  seri3s  circuit  below. 


Ej  =  300  V 


Load 


3A 


Determine  the  current  in  the  series  circuit  below. 


<3> 


T 


Ea  =  20  V 


.R  =  5  KA 


Determine  the  unknown  circuit  value  in  the  series  circuit  below. 

—    •  Ri 


R2  = 


— ^A/v — 

Eri  =  12V 


3A 


R- 


Er2=12V 


<3> 
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10.   Determine  the  unknown  values  indicated  in  the  resistive  series  circuit  below. 


a.     Ry  = 


b. 


■AAA/- 


AAV 


Rl  =  10  i\     R2  =  2  J\. 


■Ea  =60V 


c. 


'R3 


d.  V 


R1 


R3  =  5  rL 


R4  =  3  jfl 

-AAA — 


1 1 .   Compute  the  power  dissipated  in  the  resistive  series  circuit  below. 


-L      R  -9n  o 


Rl=20n- 


WAAAA/ 


A  )  500mA 


R2=30  A. 

12.   Demonstrate  the  ability  to: 

a.  Measure  voltage  drops  in  a  series  circuit. 

b.  Analyze  current  values  in  a  series  circuit. 

c.  Analyze  resistance  and  power  in  a  sfiries  circuit. 


(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  conopleted.) 


1.  a.     9  d.  8 

b.  2  e.  1 

c.  6  f.  7 

2.  a.     5  d.  2 

b.  3  e.  7 

c.  6  f.  1 

3.  a,  c,  e,  f ,  h 

4.  a  ' 

5.  lOOOv  or  1  KV 

6.  a.  lOv 
b.  40v 

7.  100  J2 

8.  4mA  or  .004A 

9.  4 

10.  a.     20  n 

b.  ,  3A 

c. "  3A 

d.  30V 

11.  12.5W 
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g.  4 

h.  5 

i.  3 

g.  4  or  8 

h.  8  or  4 

i.  9 


12. 


Performance  skills  evalua'ecl  to  the  sfitisfaction  of  the  instructor. 
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UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  regarding 
the  rules  governing  voltage  and  current  in  a  parallel  circuit  and  determine  the  formula  to  use 
for  the  total  resistance  of  parallel  circuits.  The  student  should  also  be  able  to  perform  a 
circuit  analysis  of  a  parallel  circuit  and  measure  voltage,  current,  resistance,  and  power  in  a 
parallel  circuit.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures 
outlined  on  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1 .  Match  terms  associated  with  parallel  circuits  with  their  definitions. 

2.  Select  true  statements  regarding  the  rules  governing  voltage  in  a  parallel  circuit. 

3.  Select  true  statements  regarding  the  rules  governing  current  in  a  parallel  circuit. 

4.  Determine  the  formula  to  use  and  the  total  resistance  in  given  resistive  parallel 
circuits. 

5.  Perform  a  circuit  analysis  of  a  parallel  circuit. 

6.  Select  true  statements  regarding  the  effect  of  opens  or  shorts  in  parallel  circuits. 

7.  Demonstrate  the  ability  to: 

a.     Measure  voltage,  dUrrent,  and  resistance  in  a  parallel  circuit. 
L:     Measure  power  in  a  parallel  circuit. 
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SUGGESTED  ACTIVITIES 
Provide  student  with  objective  sheet. 

Provide  student  with  information,  assignment,  and  job  sheets. 
Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives 

V.  Discuss  information  and  assignment  sheets. 

VI.  Dennonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 
VII.      Give  test 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 


1. 

TM  1 

2. 

TM  2 

3. 

TM  3 

4. 

TM  4 

5. 

TM  5 

6. 

TM  6 

7. 

TM  7 

8. 

TM  8 

D.     Assignment  sheets 

1.  Assignment  Sheet  #1  ••Calculate  Current  and  Voltage  in  Parallel  Circuits 

2.  Assignment  Sheet  #2--Calculate  Resistance  in  Parallel  Circuits 
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3.  Assignment  Sheet  #3--Calculate  Power  in  Parallel  Circuits 

4.  Assignment  Sheet  #4--Calculate  Various  Values  in  Parallel  Circuits 

5.  Assignment  Sheet  #5--Perform  Circuit  Analysis  for  Parallel  Circuits 

6.  Assignment  Sheet  #6-Answer  Questions  about  Shorts  and  Opens  in 
Parallel  Circuits 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1-l\/leasure  Voltage,  Current,  and  Resistance  in  a  Par- 
allel Circuit 

2.  Job  Sheet  #2--Compute  Power  in  a  Parallel  Circuit 

G.  Test 

H.  Answers  to  test 
II.  Reference^: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill  Book  Co.,  1979 

B.  Marcus,  Abraham.  Basic  Electronics.  Englewood  Cliffs,  NJ:  Prentice-Hall, 
Inc.,  1971. 


EKLC 


BE  -  367-C 


PARALLELCIRCUITS 
UNIT  XI 


9f  INFORMATION  SHEET 


I.       Terms  and  definitions 

A.  Parallel  circuit-An  electronic  circuit  which  provides  more  than  one  path  (or 
branch)  for  current  flow  (Transparency  1 ) 

B.  The  reciprocal  of  a  number-One  (1)  divided  by  that  number 

Example:  The  reciprocal  of  2  is  1/2  (one  divided  by  two) 
The  reciprocal  of  ^     1/4  (one  divided  by  four) 

C.  Variable-Changeable  or  capable  of  being^changed 

Example:  A  resistor  whose  value  can  be  changed  is  >^alled  a  variable  resistor 
(or  potentiometer) 

D.  Parameter  (pronounced  Pah-RAM-ah-ter)--An  element  or  condition  which 
determines  the  value  of  circuit  variables 

Example:  In  the  problem  "With  input  voltage  at  100V  and  current  at  the 
2A,  what  is  the  circuit  resistance?,"  the  given  voltage  and  current 
are  the  parameters  which  will  be  used  as  the  basis  for  determining 
^  circuit  resistance  (the  variable) 

E.  Circuit  analysis-Applying  Ohm's  law  and  other  rules  to  determine  the 
effect  of  certain  parameters  on  circuit  variables  (Transparency  2) 

I.       Voltage  in  a  parallel  circuit  (Transparency  3) 

A.    The  voltage  is  the  same  across  parallel  branches  (Figure  1) 

Example:  In  the  parallel  circuit  below,  Eg^j  and  E^f  are  the  same  (1.5V) 
because  points  a,  b,  and  c,  and  points  d,  e,  and  f  are  exactly  the 
same  ^ 

FIGURE  1 


INFORMATION  SHEET 


B.     Branch  elements  in  a  parallel  circuit  work  independently  of  each  other 

(NOTE:  If  Christmas  tree  lights  are  connected  in  parallel,  the  whole  string 
does  not  go  out  when  one  bulb  burns  out.  (See  Figure  2).  This  is  because  the 
voltage  remains  across  parallel  branches' even  though  one  branch  is  open.  If 
the  bulbs  were  connected  in  series^  the  whole  string  of  bulbs  would  go  out 
when  any  one  burned  out.) 


FIGURE  2  , 


Burnt  Out 
Bulb 

E  yc 

120  V 


\  1  / 


/ 

\ 

/ 

\ 

/ 

\ 

/  1 

III. 


IV. 


Current  in  p  parallel  circuit  (Transparency  4) 

A.  A  part  6f  the  total  circuit  current  flows  through  each  branch  { 

B.  The  current  of  each  Ipranch  equals  the  voltage  divided  by  the  resistance  of 
the  branch  (I-,  =  E/R-|)\^ 


C.     The  main  line  current         equals  the  sum  of  the  branch  currents  (l-j  + 

12  +  13  +  ...)  . 

Resistances  in  parallel  (Transparencies  5,  6,  7,  and  8) 


A.    Ohm's  law  is  used  to  determine  total  resistance  if  current  is  known:  Rj  = 

•  E/i-r 

6.     If  current  is  not  known,  the  reciprocal  resistance  formula  is  used  to  compute 
total  resistance: 

_L=J-+_L+-L  +  ... 


11  n2 

or 

1 


4 


l.+_L  + A 


R2  R3 
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C.  Equal  branch  method  used  if  resistors  of  equal  value  (R)  are* connected 
in  parallel: 

R  J  ^  R/N  where  N  is  the  total  number  of  equal  resistors 

Example:  If  three  30-ohm  resistors  are  connected  in  parallel,  R  j 
equals  30/3  or  10  ohms 

D.  Unequal  branch  method  used  when  two  resistors  (R-|  &        of  unequal 
value  are  connected  in  parallel: 

R 1  X  R2 

'    Rt  =  

R1  +  R2 

<  ■ 

E.  Parallel  rule:  The  total  resistance  of  parallel  resistors  is  always  less  than  the 
.  resistance  of  any  one  branch 

Circuit  analysis 

A.  Circuit  parameters 

1.  Voltage  values 

2.  Current  values 

3.  Resistance  values 

4.  Power  values 

B.  If  one  circuit  parameter  is  changed  (increased  or  decreased),  other  circuit 
variables  (elements)  will  either: 

1.  Increase,  or  . 

2.  Decrease,  pr 

3.  Remain  the  same 

C.  Symbols  for  changing  values 

1.  Increase  -| 

2.  Decrease  -  | 

3.  Remain  the  same  ^ 


4JG 
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Ohm's  law  is  used  to  determine  the  effect  of  changing  parameters  on  circuit 
component  values 

Example:  Changing  parameter-! f  applied  voltage  (Eg)  in  the  circuit 
below  (Figure  1)  is  increased... 

Question-;. ..what  happens  to  the  values  of  other  circuit  variabUs? 


Answer: 


t 

t 

t 

\ 

It 

Rt 

Iri 

Eri 

FIGURE  2 


The  block  form  and  arrow  symbols  (Figure  2)  are  used  for  laying  out  the 
circuit  analysis 

The  laws  applicable  are  as  follows:  • 

1.  Total  current  (Ij)  increases,  based  on  the  formula  E  =  IR  (lesistors  R-], 
Ro,  and  R3,  and  hence  total  Resistance,  Rj,  cannot  chanqe  because 
they  are  fixed  values.) 

2.  Total  resistance  (Rj)  remains  the  same,  as  explained  in  (1)  above 

3.  Total  power  (Pj)  increases,  based  on  formula  P  =  l^R  (resistance 
remains  fixed) 

4.  The  voltage  r  toss  R-|  (Ep-|)  increases,  since  this  voltage  is  the  same  as 
the  applied  voltage  (Eg) 

5.  Resistance  of  R-]  remains  the  same,  as  explained  in  (1)  above 

d     ^  - 
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V  6.  Current  through  R-j  (lp|-|)  increases,  because  current  is  split  pro- 
portionately among  the  branches  of  a  parallel  circuit  and  hence  must 
increase  proportionately  in  each  branch  if  total  current  increases. 

Opens  and  shorts  in  parallel  circuits 

A.  Opens 

1 .   An  open  in  the  rrc^n  line  of  a  parallel  circuit  before  the  first  component 
prevents  cur; ent  flow  through  the  entire  circuit  (Figure  1) 


0Er3  = 


0  Volts 


17  =  0  Amps 


FIGURE1 


2.  An  open  in  a  branch  of  a  parallel  circuit  prevents  current  flow  through 
the  open  branch  only;  current  will  continue  to  flow  through  the  re- 
maining branches  (Figure  2) 


120  V 


Open 


<5> 


(v)  Ers  =  120  Volts 


It  =  20  A 


IrI  =  0  A       1r2  =  10  A       Ir3  =  10  A 


FIGURE2 

(NOTE:  An  open  branch  causes  an  increase  in  total  resistance  and 
hence  a  decrease  in  total  current,  since  the  applied  voltage  remains  the 
same.) 
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Shorts 


"I     Direct  short-  M  direct  short  across  a  parallel  circuit  shunts  the  total 
current  through  the  short  and  away  from  all  branches  (Figure  3) 


Short 


y;ER3  =  ov 


Ij  =  30  A 


IrI  =  0A 


Ir2=0A       Ir3=0A  ., 

FIGURE  3 


4  -^o 
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Parallel  CircuK 


w 

V  Bulb 


350  -  W 
120  -  V 
TV  Set 


Wall  Recepticle 

120-V 
Wiring  Diagram 


Schematic 


o 
o 
o 


E-120  V 


This  circuit  provides  two  paths  for  current  flow:  Through 
R1  (Bulb)  and  through  R2  (TV  Set). 

Note  that  the  voltage  across  both  the  bulb  and  the  TV  set 
is  tl\ie  same  as  the  applied  voltage  (120  v). 


440 


TM  1 


Memory  Wheel  for  Solving  Problems 


Voltage  in  a  Parallel  CircuK 


R2  <  R3 


R4 


(y) 


F 


E1 

E2 

E3 

The  voltage  across  each  branch  of  a  parallel  circuit  is  the 
same  value. 


or 


E  -  E1  =  E2  =  E3  = 


413 


0 


The  total  current  flowing  through  a  parallel  circuit  is  the 
sum  of  the  currents  flowing  through  each  branch. 

In  the  above  circuit:  1^  =  Ip,  +  i^^  +  Ir3 


Resistance  in  Parallel  Circuits 


The  reciprocal  of  the  total  resistance  of  a  parallel 
circuit  is  equal  to  the  sum  of  the  reciprocals  of  the 
individual  resistances 

♦  or 

-L        tJ_  t_L  t_l_  t:L  +  -  -  - 
Rt    Ri    R2    R3    R4  R5 

or 
1 

Rt^-J-  +X  +JL  +_L       +  . 
Ri    R2    R3   R4  R5 
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The  Reciprocal  Resistance  iVIethod 

For  Calculating  Total  Resistance 
in  a  Parallel  Circuit:  i/R^=i/m+i/R2+i/R3 

E^^   I  R1=60a    I  R2=60O  I  R3=30  O. 

Step  1 :    Find  Least  Common  Denominator  and 
Add  the  Reciprocals: 


1 

60 

1 

=  1 

60 

60 

1 

-  2 

30 

60 

60 


60  Total 
Step  2:   Invert  the  Reciprocals: 

_1_  =4_ 
Rj  60 

Rj   =  60 


Step  3:    Solve  For  R-p 


Rj  =  15n 


ERIC  • 
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Finding  Ihe  Total  Resistance  in  Parallel  Circuits 


Current  Flow 


6 

=  20  volts 


R2 


R3 


0 


R4 


=1  ampereh,5  ampereUamperes  1=1  ampere 


4. 


R  =E.  =20=4,4  ohms 

M  4.5 
T 

R1=20  volts    =20  ohms 

1  ampere 

R2=2Q  volts    =40  ohms 
.5  ampere 

R3=20  volts    =10  ohms 

2  amperes 
R4=2Q  volts    =20  ohms 

■   1  ampere 


Rj  R1  R2  R3  R4 

1=1+1+1+1 
Rj  20  40  10  20 

1=2+1+4  +  2  =i' 
Rj      40  40 

Rr  JL=4.4  ohms 

9 


4 


My  Current  in  a  Parallel  Circuit 


6 

E  =  42  volts 
0 

+ 


(I  ^- 


R1 

5  ohms 


R1 


R2 

SR3 

10  ohms 

S  30  ohms 

||r2 

4r3 

452 


T'  

How  much  current  is  passing  through  point  "H"  in  this  circuit? 
There  are  two  methods  for  determining  total  current  in  this 
circuit: 

1,  Find  the  currer.t  flowing  through  each  biancli  (ex.: 
Iri  =f),  then  add  all  3  branch  currents  (I =1^^+  Ip2+ 

R3'" 

2,  Find  the  total  resislance  usinq  the  reciprocal  resistance 
formula,  then  calcjlate  total  currunt  (1.  =  i). 

'  R; 


BE  -  389-C 


PARALLEL  CIRCUITS 
UNIT  XI 


ASSIGNMENT  SHEET  #1--CALCULATE  CURRENT  AND  VOLTAGE 
IN  PARALLEL  CIRCUITS 


1 .   Calculate  quantities  indicated. 


a. 

Eri 

b. 

'ri 

c. 

Er2 

d. 

'R2 

e. 

't 

I 
t 


■^a 

50  V 


It 


Iri 

IR2 

Rl< 

I  R2- 

io-tl; 

2.   Calculate  quantities  indicated. 


a. 

'R1 

b. 

Er2 

c. 

'R2 

d. 

't 

6. 

Ea 

•50  V  f^i- 

20J-L" 
100  V 


3.   Calculate  quantities  indicated. 


a. 

'ri  1 

b. 

'R2  - 

c. 

'r3  - 

d. 

't  - 

e. 

Eri_ 

f. 

Er2 

g- 

Er3- 

Ea 

20  V 


R2. 

5ua. 


454 


R3, 
ion 
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4.  Calculate  quantities  indicated. 


a.  E 

b.  E 


R1- 
R3, 


c.  E, 


60  V 


5.  Calculate  quantities  indicated. 


t 


a.  |. 


c.  1^ 


20S).\ 


  R3 

S  ICLTLS  30J\' 


60  V 


6.   Calculate  quantities  indicated. 


a.  I2 

b.  It 


c.  E 

d.  E, 


R1- 


Rl 
4a 


K5> 


7.   If  you  measured  current  where  ammeter  is  located,  what  should  it  indicate? 


■50  V 


•Rl  R2 

>^0J\  ioJT.< 


8.     Calculate  quantities  indicated. 


b.  E 

d.  It 

e.  E 


R1- 


f.  E 


R2- 


R3- 


6  ma 


Ri 


100  V 


R2 


2  ma 


R3 


2  ma 


5) 


ERIC 


PARALLEL  CIRCUITS 
UNIT  XI 


ASSIGNMENT  SHEET  #2--CALCULATE  RESISTANCE  IN  PARALLEL 

CIRCUITS 


^eatcui    J  qtianttties-indicatedr 


a.  R- 


b.  R- 


c.  R- 


d.  E, 


~    fin  V 


5a 


Rl  R2 
3  a  2a 


Calculate  R- 


a.     Calculate  Rj 


6  a 


60  V 


b.     If  the  three  resistors 
are  equal  in  value, 
Rl  =  ohms. 
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ERIC 


4.   Calculate  R  j_ 


5.   Calculate  Rj 


6.   Calculate  Rj_ 


JT 


— '\AA/ — ' 

R2--4.0-O^ 


60 >  60J~L>  60rL 


r 


R 


1 


20  J\ 


R2 
30_O. 


7.   Calculate  Rj_ 


r 


3c.n. 


R2 
60XL 


J 


3.   Calculate  R- 


r 
t 


2o_rL: 


1 


200.' 


457 
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9.   Calculate  Rj   10.  Calculate  Rj 


13.  Match 


b. 


c. 


R2 


R3 


15XI>15I1<15J1. 


X 


40  KJ\ 


R2  , 
50J-L 


R3> 

i5n< 


R2< 

R4$ 

iOi-i.S 

20jiS 

1.  Unequal  branch  method 
{product  over  sunn) 

2.  Reciprocal  nnethod 

3.  Equal  branch  nnethod 

(NOTE:  Method  2  can,  naturally, 
be  used  for  all.  Choose  the 
fastest  nnethod.) 


ERIC 


BE  -  395-C 


ERIC 


PARALLEL  CIRCUITS 
UNITXI 


ASSIGNMENT  SHEET  #3--CALCULATE  POWER  IN  PARALLEL 

CIRCUITS 


1.  Calculate 


R2  >  -R3 
25J\.S  50 JX* 

2a  I        1  a| 


Watts 


2.   Calculate  Pj 


3.  Calculate  Pj 


Watts 


R2  <"•  R3 
15XL<  15_0.< 


1 


Watts 
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ASSIGNMENT  SHEET  #4-CALCULATE  VARIOUS  VALUES 
PARALLELCIRCUITS 


Calculate  quantities  indicated. 


Calculate  quantities  indicated. 


___  Rl  i  R2  L  R3  I  R4  I 
-, — 30JXlO-rL>30JT>30jrL> 


Ea        <        ?  <> 


30  V 


Calculate  quantities  indicated. 


R3^ 

R2  ICLTL 
AAA/  


Rl  30X1 
(Pt  =  48  Watts) 


a. 


b. 
c. 
d. 


■Rl- 


b. 

a 

c. 

d. 

R2 

e. 

■^3 

f. 

pj 

a. 

Rt 

b. 

'1 

c. 

'2 

d. 

'3 

e. 

'4 

f. 

't 

3. 

Rt 

■-a 

Iri 
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4.  Calculate  quantities  indicated.  a 


\ 


\ 
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ASSIGNMENT  SHEET  #5--PERF0RM  CIRCUIT  ANALYSIS  FOR 
PARALLEL  CIRCUITS 


Directions:  Insert  arrow  symbols  as  appropriate  in  the  blocks  to  indicate  increase',  decrease, 
or  remain  the  same.  •  / 


(Use  this  circuit 


for  problems  1   ^ 


It 


Rl  <  R2 


and  2) 


R3 


Eal 

't 

Rt 

Pt 

'ri 

'R2 

'R3 

Er2 

Er3 

Rl 

R2 

R3 

2. 


Eaf 

p 

't 

Rt 

Pt 

'ri 

'r2 

'r3 

Eri 

Er2 

Er3 

Rl 

R2 

R3 

Add 
R4 

Rt 

Pt 

Rl 

R3 

Eri 

Er2 

Er3 

'ri 

'R2 

'r3 

Ri< 


R3. 


R2; 


R4: 


^4 
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Remove 

't 

-r 

p 

^R2 

Rl 

R2 

'ri 

■'ri 

It 


5. 


R2| 

't 

Pt 

Rl 

R3 

Eri 

^R2 

^R3 

'ri 

IR2 

'R3| 

25, 


I 

R2*S  R3' 

50X\>50i~L; 


6.  There  are  three  parts  to  this  problem. 

a.  Increase  E 

a ' 

b.  Remove  Ro  . 


Rl  50-0. 


R2  loon 


c.     Change  R,j  TO  100  ohm;  that  is,  increase  R  I  t 


R3  loon 


For  each  of  the  three  problems,  assume  that  the  other  elements  remain  constant, 
a. 


Ea  ■ 

1 
1 

Hemove 

R3 

1 

't 

Rt 

^t 

Pt 

Iri 

'r2 

'r3 

Eri 

Eri 

Er2 

^R3 

Rl 

R2 

R3 
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UrvJIT  XI 


ASSlGN'MEiNT  SHEET  #6  ANSWER  QUESTIONS  ABOUT  SHORTS 
AND  OPENS  IN  PARALLEL  CIRCUITS 


(j  .JO 


1.  Short 

2.  Main  line  open 

3.  Branch  open 


l.nv.^iM'  ini;  o^yn  c?  -sr.oM  shovvr.  :n.  the  schematic.  U^en  ariswer  uie  quesiiuns  c :lovv 
•^;^i.<T-!{>.>fi^>^ji  :/'e  circus"  sr^ov.?-       a  prunary  connucit^J  circua  usmq  R.    R^.  and  Ro 


> 


4 
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1.  a. 

b. 

"  cT 

d. 
e. 


50v 

5a 

50v 

5a 

10a 


2. 


5.  a. 
b. 
c. 
d. 


3a 
6a 

2a 
11a 


6. 


Assignment  Sheet  #2 
1.   a.      2011  2 

b.  3012 

c.  ^2^l 

d.  1212 
5.  2012 

10.  1212 


PARALLEL  CIRCUITS 
UNIT  XI 


ANSWERS  TO  ASSIGNMENT  SHEETS 


a. 
b. 
c. 
d. 
e. 


5a 

lOOv 
5a 
10a 
lOOv 


a. 
b. 


4a 
8a 
20v 
20v 


1012 


6.  1212 
11,  512 


a.  4a 

b.  4a 

c.  2a 

d.  10a 

e.  20v 

f.  20v 

g.  20v 
10a 


4.  a. 
b. 


8.  a. 
b. 


a.  1012        4.  2012 

b,  3012 


7.  2012 
12.  212 


8.  1012  9. 
13.   c-i.  (3) 

b.  (1) 

c.  (2) 


60v 
60v 
60v 


2ma 

lOOv 

lOOv 

6ma 

lOOv 

lOOv 


612 


4r~ 


Assignment  Sheet  #3 

1.  450 

2.  2500  watts 

3.  45  watts 
Assignment  Sheet  #4 


a. 

100V 

2.  a. 

5n 

3.  a. 

3n 

4.  a. 

20v 

100  V 

b. 

1A 

b. 

4A 

b. 

5^2 

c. 

16.7^2 

c. 

3A 

c. 

12V 

c. 

2a 

d. 

5on 

d. 

1A 

d. 

0.4a  or  400ma  d. 

2a 

e. 

5on 

e. 

1A 

e. 

2n 

f. 

600W 

f. 

6A 

f. 

200  watts 

Assignment  Sheet  #5 


J. 


1 

\ 

1 

't 

Rt 

Pt 

Iri 

Ir2 

Ir3 

Eri 

Er2 

Er3 

Ri 

R2 

R3 

Eat 

t 

t 

t 

t 

t 

t 

t 

't 

Rt 

Pt 

Iri 

Ir2 

Ir3 

Eri 

Er^ 

Er3 

Ri 

R2 

^3 

Add 

Ra 

It 

Rt 

Et 

Pt 

Ri 

R2 

R3 

Eri 

Er2 

Er3 

Iri 

Ir2 

Ir3 

Rem 

ove 

f 

It 

Rt 

Et 

Pt 

Eri 

^R2 

Iri 

Iri 

R2I 

1 

f 

— J--^ 

i 

It 

Rt 

Et 

Pt 

R1 

R3-|Eri 

Er2 

Er3 

Iri 

IR2 

'r3 

t 

t 

h 

t 

t 

t 

t 

f 

Remove 
R3 

m 

.Ri 

It 

Rt 

Pt 

Iri 

Ir2 

Ir3 

Eri 

Er2 

Er3 

R1 

R2 

R3 

BE  -  405-C 

Assignment  Sheet  #6: 

1.  a.  2 

b.  1 

c.  1 

d.  3 

2.  a.  Decrease 

b.  Increase 

c.  Decrease 

3.  a.  R2 

b.  R1,  R2,  R3  or  all  branches 


4" 

o 
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PARALLELCIRCUITS 
UNIT  XI 


JOB  SHEET  #1"MEASURE  VOLTAGE,  CURRENT,  AND  RESIS 
TANCE  IN  A  PARALLEL  CIRCUIT 


Equipment  and  materials 

A.  1 .5  battery  or  equivalent 

B.  Two  small  resistors  of  equal  value  or  two  small  lamps 

C.  VOM  or  voltmeter 

D.  VOM  or  ammeter 

E.  Switcfi 

F.  Wire  to  complete  circuit 
Procedure 

A.     Cof^struct  a  parallel  resistive  circuit  according  to  Jie  s  hemanc  [)olow  (Fiquri 
1 ) 


0  v 


408-C 


JOB  SHFET  #1 

I.      Open  switch  SI 

J.     Disconnect  ammeter  from  R1  branch  and  connect  it  in  series  with  R2 
K.     Close  switch  S1,  an  J  read  and  record  current  (Ir2* 
L.     Open  s  vitch  SI 

^..    Disconnect  ammeter  from  R1  branch,  and  con^^ect  it  in  series  wit  .iv. 
voltage  source  (E^)  and  switch  SI 

N.     Close  switch  SI  and  read  and  record  main  current  (Ij) 
0.    Open  sw.ich  SI 

P.     Arp  rf?rnrded  currents  Ip^  and  lp2  equal?  (NOTE:  Explain  why  or  vvf? / 
not.) 

0.     Md  Ip^  and  Ip2-  Does  the  sum  equal  ij?  (NOTE:  Explain  why  or  why 
not.) 

R.     Close  swKch;  if  lamps  were  used  for  R1  dnd  Rl,  note  thai,  both  lamps 
are  glov/ing 

S.      Disconneci  R2  from  circuit. 

'T.      Record  aaimeter  md icat ion,  and,  if  R1  and  R2  are  !amp\^  M-ote  any  ciianqes 
m  Rl  0[)er;uion  when  ;  /  (lafiip)  was  ft;nioved 


U      Repl.jct'        ancj  ren.ove  Rl  from  circuit. 

V      Ht;cor(i  ..T  I nd ! ca T 10 / 1 .   .tr  u   Mote  jny   ..^iiuKifS  in  R2  Operation,  if 

<i;)pi  n:.itj!c 

R tif.cjriiiL'Ci  H  1 

r       U:.i'>;  'T^'Nrsun.s';  E arui  ij,  cornpuie  t(j;.il  re^^ist^nce  of  Ilie  circuit  f'ir) 

t'K.^st.'  figures  cortiij'j^*  Rj 

AA       \i    Rl    tjr^j  R2  arfi  ia^r.ps,  t;xpt,.i.>  CfKjnfjt'S  \n  lafrifj  ODv^ ..:\uti  -.vl^'n  one 
Kjn^j  ,vas  f»'rTiOv<;(j  frofT)  tM';  att'-y-: 

BB      R^-T'jM^.  -:TH.^Njf  and  niat;:'      to  :  ■   liL-r  sTo':rj<'  ctff.\j 
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PARALLEL  CIRCUITS 
UNIT  XI 

JOB  SHEET  #2-C0MPUTE  POWER  IN  ^  PARALLE»  CIRCUIT 

Equipment  and  materials  needed 

A.    Two  1  1/2-voIt  batteries  or  equivalent 

B-     Three  resistors  approximately  300  ohms  to  500  ohms  ii.  value 

C.  Switch 

D.  VOM  or  ammeter 

E.  VOM  or  voltmeter 
Procedure 


FIGURE  1 


A.  Connect  the  circuit  as  sfiown  (Figure  1 ) 

B.  Close  the  switcli  jnd  record  I j 

C.  Witii  the  switch  closed,  read  E^  with  tiic  voltmeter 

d 

■).     Open  rue  switch  and  insert  jn  ammeter  in  series  with  R1 
^.     Close  the  switcti  urxi  record  Ip^ 

Repeat  Steps  D  artd  E  for  l>ranches  R2  afid  R3 

Disconnect  the  cifcuil 

H.  Compare  Ij  (Step  B)  with  the  totals  of  Ip^,  Ip2-  ^^^^^  Ir3  (NOTE.  cx[)lain 
any  difference.) 

I.  What  IS  the  total  power  furnisfied  by  iha  batteries  to  the  resistc  T  -  P  '  El) 

4,0 


JOB  SHEET  #2 

Compute  he  pow^r  consumed  by  each  of  the  resistors  R1,  R2,  and  R3, 
jsing  Eg  dnd  the  measured  branch  currents  (P=EI) 

Does  th?  sum  of  branch  power  wattage  equal  power  furnished  by  the  bat- 
ter-/? (NOTE:  Explain  why  or  why  not.) 

Reiurn  meters  and  materials  to  proper  storage  area 


PARALLEL  CIRCUITS 
UNIT  XI 


NAME 
TEST 


1 .   Match  the  terms  on  the  right  with  the  correct  definitions. 


a.  An  element  or  condition  which  determines 
the  value  of  circuit  variables 


_b.  One  (1 )  divided  by  that  number 

_c.  Applying  Ohm's  law  and  other  rules  to 
determine  the  effect  of  certain  parameters  on 
circuit  variables 

d.  An  electronic  circuit  which  provides  more 
than  one  path  for  current  flow 

_e.  Changeable  or  capable  of  being  changed 


1 .  Parallel  circuit 

2.  The  reciprocal  of 
a  number 

3.  Variable 

4.  Parameter 

5.  Circuit  analysis 


2.   Select  true  statements  regarding  the  rules  governing  voltage  in  a  parallel  circuit  by 
placing  an  "X"  in  the  appropriate  blanks. 


a.  The  <^  'm  of  the  voltages  of  each  branch  equals  the  applied  voltage 


_b.   In  a  circuit  containing  three  resistors  in  parallel.  Eg  = 
because  the  voltage  is  the  same  across  parallel  branches 


■R1 


^R2  ~  Er3 


_c.   If  Christmas  tree  lights  are  connected  in  parallel,  the  whole  string  of  ligh  .s 
goes  out  when  any  one  bulb  burns  out 

_d.   In  the  circuit  below,  Ep-|  equals  50  volts 

e.   In  the  circuit  below,  Ep{2    ^^^s  than  50  volts 


Ea  =  50v 


R1 


T-AAAAAAAAy 

R2 


Select  true  statements  regarding  the  rules  governing  current  in  a  parallel  circuit  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.   In  a  parallel  circuit,  the  main  line  current  (Ij)  equals  the  sum  of  all  branch 

currents  (1 1  +  I2  +  I3  •  •  •) 

 b.  In  circuit  No.     I  j  equals  2  amps 

 c.  In  circuit  No.  1,  Ij  equals  4  amps 

 ri.  In  circuit  No.  2,  Ipi  equals  2  amps 

 e.  In  circuit  No.  2,       equals  6  amps 

 f.  In  circuit  No,  2,  I  j  equals  6  amps 


No.  1 


Determine  tfie  formula  to  use  and  the  total  resistance  in  edcl^  of  tfie  following  resistive 
parallel  circuits" 


Formula  =  1.   Formula  = 


\ 

1,   Formula  =  1.  Formula" 


2.    Rj  =   2.    Rj  =  

Perforin  a  circuit  analysis  of  the  pdrallel  circuit  below  by  inserting  proper  arrow 
sym[M)!s  in  the  blank  squares: 


Ea 

Add 
R4 

R1 

't 

Iri 

'r2 

'R3 

R1 

R2 

R3 

Eri 

fR2 

Er3 

Select  true  statements  regarding  the  effects  of  opens  and  shorts  in  parallel  circuits  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a-  An  open  in  the  main  line  of  a  parallel  circuit  before  the  first  component 

prevents  current  flow  through  the  entire  circuit 

 b.  An  open  in  a  branch  of  a  parallel  circuit  prevents  current  flow  through  the 

entire  circuit 

 c.  A  direct  short  across  a  parallel  circuit  shunts  the  total  current  through  the 

short  and  away  from  all  branches 

 d.  A  short  has  no  effect  upon  the  current  in  a  parallel  circuit 

Demonstrate  the  ability  to: 

a.  Measure  voltage,  current,  and  resistance  in  a  parallel  circuit 

b.  Measure' power  in  a  parallel  circuit 

(NOTE;  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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1.  a.  4 

b.  2 

c.  5 

d.  1 

e.  3 

2.  b,  d 

3.  a,  c,d,  f 


PARALLEL  CIRCUITS 
UNIT  XI 


ANSWERS  TO  TEST 


4.   a.  1) 


I       2)  25-Q 


i>    -L-  =JL-  +  _L  +  _L  +  _L 
Rj.     Ri     R2  R3 

2)  2SZ 

c-      1)     Rj  =  RI  X  R2         2)  12KI 


RI  +  R2 


(I.      1)  Rt=__R_ 


2)     201 > 


5. 


Ea  t 

t 

1 

f 

f 

'T 

Add 
R4  - 

^ 

t 

t 

RI 

1 

f 

1 

1 

Ix 

1 

Rt 

Iri 

'r2 

'r3 

PI 

R2 

R3 

f 

FR2 

6.  a.  c 

7.  Perfortfiance  skill-i  evaluatef!  to  il:  •  .ansfdction  of  th..  mstructoi , 
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;er(es  parallel  circuits 

UNIT  XII 


UNiT  OBJECTIVE 


Af^er  completion  of   IMiS  unit,   tiiL   .liKienl   should  W  .^hit?  ?u  .irrjrw;*    .r.  .,rcr  .  r  -fH- 

stops  to  simplify  J  series  pardliei  circuit,  jnci  stile::;  sL.reri^erus  : -rinuri'  •*  no-^ 
of  ground  as  a  voliaye  refere<^,ce  and  the  functions  of  -j  vuM.k^»'  div.c;-  TnV  ski-.  •  '  's-oJ^ 
also  be  able  to:measure  .nd  calculate  uuant^t.es  ser:es  par..ilej  .:rrwits  ana  c.;nMUiCT  a 
voltage  divider  and  analyze  as  function  Tn.s  k'K)-.viedqe  v.-:  he  ev*-e--e-  o>.  ^o-.^r^ 
perform. na  the  f)rocedures  outiiruM  on  rfi.>  ass^r^nu.-  an,-  sheta^:  ..';;^\r/scOM^M/p^i 
percent  on  the  umi  !e^.t  ,  .  gj 


SPf.ClFIC  OBJfiCTiVtiK 


cor"-;-  •••n.H^  of     ,  .  jm,;  'l^^^j' 


3.    S'ate  K ;^cf -  MO* t  s  f/jr ; 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 

SUGGESTED  ACTIVITIES 
I.       Provide  student  with  objective  sheet. 

II.       Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

•  V.       Discuss  information  and  assignment  sheets. 
VI.       Demonstrate  and  discuss  procedures  outlined  in  the  job  sheets.  * 
VII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Series-Parallel  Circuit 

2.  TM  2"Steps  to  Simplify  a  Series-Parallel  Circuit 

3.  TM  3-Series-Parallel  Circuit  and  Equivalent  Circuit 

4.  TM  4-Circuit  Reduction 

5.  TM  5-Voltage  Divider 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1 -Trace  Current  Flow  in  Series-Parallel  Circuits 

2.  Assignment  Sheet  #2--Perform  Exercises  in  Circuit  Reduction 

3.  Assignment  Sheet  #3-Solve  for  Total  Resistance 

4.  Assignment  Sheet  #4-Solve  for  Total  Current 


i  78 
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5.  Assignment  Sheet  #5"Solve  for  Total  Voltage 

6.  Assignment  Sheet  #6-Solve  for  Total  Power  in  Series-Parallel  Circuits 

7.  Assignment '  Sheet  #7"Solve  for  Branch  Voltages  and  Currents  in 
Series-Parallel  Circuits 

8.  Assignment  Sheet  #8-Solve  for  Multiple  Values  of  Voltage  and  Current 

9.  Assignment  Sheet  #9-An5wer  Questions  Regarding  Opens  and  Shorts 
in  Series-Parallel  Circuits 

Assignment  Sheet  #10-Answer  Questions  about  Grounds  and  Voltage 
Polarity 

11.  .   signment  Sheet  #11 --Analyze  No-Load  and  Load  Circuits 

E.  Answers  to  Assignment  Sheets 

F.  Job  sheets 

1.  Job  Sheet  #1 -Measure  and  Calculate  Quantities  in  Series-Parallel 
Circuits 

2.  Job  Sheet  #2--Construct  a  Voltage  Divider  and  Analyze  its  Func- 
tion 

G.  Test 

H.  Answers  to  test 
II.  References 

A.    Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hiii,  1977. 

6.     Marcus,  Abraham  and  Samue!  E.  Gendler.  Bssic  Electronics.  Englewood 
Cliffs,  NJ:  Prentice-Hall,  1971. 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 


INFORMATION  SHEET 


Terms  and  definitions 


A.  X  ':eries-  arallel  circuit-A  circuit  which  contains  some  components  in  series 
and  others  in  parallel  (Transparency  1) 

B;    Node-A  junc  ion  point  in  a  circuit  at  which  current  divides  into  separate 
parallel  hranch3s,  or  reunites  from  parallel  branches 

Example:         In  the  series-parallel  circuit  below,  points  A  and  B  are  the 
nodes 


R1 


Ea 
+  9 


R2  <i  IR2 

^  B 
 :  •- 


wvw 


R4  It 


C.  Circuit  reduction-Simplifying  a  circuit  by  combining  elements 

D.  Ground--A  voltage  reference  point  which  may  indicate  a  current  return 
path  to  one  side  of  the  voltage  source 

» 

(NOTE:  A  ground  is  not  always  connected  to  earth  or  to  one  side  of  the 
power  source.) 

E.  Earth  ground-Connection  of  one  side  of  the  voltage  or  current  source 
to  conductive  metal  which  enters  the  earth  at  some  point 

F.  Chassis  ground-Connection  of  one  side  of  the  voltage  or  current  source  to 
the  metal  frame  of  the  equipment 

G.  Voltage  divider-A  system  of  resistors  connected  across  a  voltage  source  to 
permit  the  tapping  of  voltages  of  different  values 

Schematic  symbols  for  grounds 

A.  Earth  ground--  -i- 

(NOTE:  Sometimes  earth  and  chassis  ground  symbols  are  interchanged.) 

B.  Chassis  ground-  /  ^/  / 

C.  Common  ground  (voltage  reference  point  or  current  return) 
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INFORMATION  SHEET 

III.  Kirchhoff's  current  law-The  surr  of  all  the  currents  flowing  into  a  point  or 
junction  (node)  in  a  circuit  is  equal  to  the  sum  of  all  the  currents  flowing  away 
from  that  point  or  junction  (node) 

(NOTE:  If  1  amp  flows  into  a  junction,  1  amp  must  flow  away  from  that  junc- 
tion, whether  in  a  single  path  or  in  many  paths.  In  other  words,  current  cannot 
accumukite  anywhere  in  a  circuit.) 

IV.  Steps  to  simplify  a  series-parallel  circuit  (Transparencies  2,  3  and  4) 

A.  Trace  current  flow  and  indicate  polarity 

1 .  Begin  at  negative  side  of  supply  and  move  toward  positive  side 

2.  Identify  polarity  of  voltage  drops  of  components  as  current  is  traced 

B.  Identify  nodes  (where  current  divides  and  where  current  reunites) 

C.  Identify  series  resistors 

D.  Identify  series  or  parallel  groups  of  resistors 

E.  Reduce  each  parallel  group  to  an  equivalent  resistance,  R 

F.  ^  Redraw  the  circuit  using  a  single  resistor  to  represent  each  equivalent 

resistance 

G.  Combine  all  equivalent  resistances  and  series  resistances  to  determine  total 
resistance 

H.  Determine  total  current  by  dividing  applied  voltage  by  total  resistance 

V.  Function  of  ground  as  a  voltage  reference  (Transparency  5) 

A.  Any  type  of  ground  may  be  used 

B.  Use  of  grounds  helps  simplify  the  schematic 

C.  Ground  may  be  the  common  return  path  for  current  (usually  the  chassis) 

D.  Chassis  ground  permits  use  of  the  chassis  for  the  voltage  reference  point  fpr 
all  voltage  measurements 


o 
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INFORMATION  SHEET 


E.     A  ground  permits  the  generation  of  both  positive  and  negative  voltages 


Example: 


In  the  circuit  below,  the  cf«.  sis  is  grounded  at  point  C 
which  permits  positive  voltaf,     to  be  obtained  at  points  A 


and  B  and  a  negative  volt. 


6  + 

Ea=30V 

P  — 


:o  be  obtained  at  point  D 
A--  +20  V 

Ri  - 100  n 

B-  +10V 

R2  =  100  n 

c 

R3  =  100  a 


VI.       Functions  of  a  voltage  divider 

A.  A  voltage  divider  allows  tapping  off  of  different  voltages  fo'-  various 
applications 

B.  Chassis  ground  is  often  used  as  the  zero  reference  point 

C.  Tapped  voltages  may  be  either  positive  or  negative 

D.  A  load  is  connected  in  parallel  with  the  resistor  from  w  lich  the  voltage  is 
tapped 

E.  If  the  load  draws  appreciable  current,  the  voltage  division  differs  from  the 
no-load  condition 


Example:  In  the  circuit  below,  the  chassis  is  grounded  at  the  point  be- 
tween R2  and  R3,  The  equivalent  resistance  (Rg^)  of  R3  and 
R|^  is  5  ohms.  The  total  resistance  across  the  applied  voltage 
is  25  ohms.  The  open  load  voltage  across  R3  is  10  volts  but 
the  load  voltage  (with  R|^  connected)  is  6  volts. 


R3  <  RL 

10  n    ^  ion 


(load) 


5' 2 
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Series-Parallel  Circuit 


R1  is  in  Series  with  the  Parallel  Branches  R2-R3 


Steps  to  Simplify  a  Series-Parallel  Circuit 


-^W\A 


AAAA- 


STEPS: 


1 


2. 


3. 
4. 
5. 


Trace  Current  Flow  and  Identify  Voltage  Drop  Polarity 
(See  Above) 

Identify  Nodes 

a.  Current  Division  —  A  &  B 

b.  Current  Return  —  C  &  D 

Identify  Resistors  in  Series  With  Ea:  R1  &  R6  ■ 
Identify  Resistors  in  Parallel:  R2,  R3,  &  (R4  •  R5) 
Identify  Series-Parallel  Resistors; 
a    R2,  R3.  &  (R4  -  R5)  Become  Rgq  When  the  Recip- 
rocal Resistance  Formula  is  Applied 
b.   R1  &  R6  are  in  Series  with  R, 


eq 

6.   Determine  Total  Resistance:  RT  -  R1  -  R 


eq 


R6 


m 


>J5  S 


o 


Series-Paraliel  Circuit  and  Equivalent 

Circuit 


 .AAA^ — 

+     R,  - 


30-0. 


-f- 


—  E 


R. 


R3 


20  n.^ 

iR2r 

Circuit 


AAAAr 


jL  30jnL 

-  E 


a 


RT=42n. 


Equivalent  Circuit 


Circuit  Reduction 


Ri 

 vw 

Ea 


R2 

Re  50nj 

AAA/\  


100  n. 

Step  A:  Trace  Current  Flow 
and  Re-Draw  Circuit 


Step  B:  Reduce  Circuit 


-t- 


R 


1 


1 


50  n. 


R 


Re 


100  n. 


(R4-R5) 


100  n. 


4 


-AAAA- 


50  r\ 
R2 

p  50ai 

"6 


I — 'VWV 


100  n 


f^EolBon 


1R3,4,5) 


■f 


J' 


R 


1 


WW\A- 


son 


Re 

-AAAA/r 


REQ^25n. 

(R2,3A5) 


100  n 


4  ^* 


TM  4 
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Voltage  Divider 


D  +50V 


R3 

30X1 


E3=25V 


  C  +25V 


R2 

30n. 


E2=25V 


  B  OV 


51      >  E1=25V 

son. 


A  -25V 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 


ASSIGNMENT  SHEET  #1..TRACE  CURRENT  FLOW  IN  SERIES-PARALLEL 

CIRCUITS 


Study  the  schematic  and  complete  the  statement  below  it.  ^ 


Current  will  divide  at  Point  ,  and  come  back  together  at  Point 

From  the  circuit  above,  list  the  resistors: 
in  series 


in  parallel  . 

in  the  circuit  above.  Resistors  2  and  3,  (check  the  correct  statement) 

a.  wilt  carry  a  combined  two  amps  of  current 

b.  will  each  carry  two  amps  of  current 

c.  will  carry  a  combined  one  amp  of  current 

d.  wilj  eac^i' carry  jess  than  two  amps  of  current 


ASSIGNMENT  SHEET-#1 


Study  the  schematic  below  and  complete  the  questions  below  it. 


I  vAAAr 

H-    I      •  FTI- 


R2 


A)  10a 


-R6 


R3 


R4 

C  "5 


■WXAA- 


a.  At  what  point  does  current  divide? 

b.  At  what  point  does  if  come  back  together? 

c.  Does  current  divide  more  than  once? 

List  the  three  resistors  in  the  circuit  above  that  form  a  series  string. 

a. 

b. 

c.  . 
List  the  resistorsjn  the  circuit  above  in  series  with  the  source. 


In  the  circuit  (4),  which  statements  below  are  correct? 
 a.   R2^n  parallel  with  R3,  R4,  and  R5 

 b.  Less  than  10  amps  will  flow  through  R2 

if--  , 

 c.   10  amps  will  flow  through  R6 

 d.  Less  than  10  amps  will  flow  through  R3,  R4,  'R5 


8.  Study  the  following  schematic  and  answer  the  questions  below  it. 

-® — I 


10A 


R1 


R2  , 


R3 


R4< 


R5  ^ 


a.  At  what  point  does  current  first  divide? 

b.  At  what  po'nt  does  current  next  divide? 

c.  At  what  point  does  current  all  come  back  together? 

9.   In  the  circuit  (8)  check  the  pairs  of  resistors  that  are  in  parallel  with' each  other. 

 ^a.  R1  and  R3 

 b.  R2and  R4 

 _c.  R2  and  R5 

 d.  R4and  R5 

10.  Answer  these  questions  (Circuit  8) 

a.  How  many  resistors  are  directly  in  series  with  the  rest  of  the  circuit? 

b.  Is  the  Rgq  of  R4  and  R5  in  series  with  R2? 

11.  Check  the  statements  that  are  correct.  (Circuit  8) 
 a.  Ip2    'r3  "  arnps 

 b.  An  ammeter  at  Point  C  will  measure  10  amps 

 c.  Current  through  R5  will  be  more  than  through  R 1 


'R4"^  'R5"  'r2 
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ASSIGNMENT  SHEET  #1 


12.  Study  the  following  schematic  and  answer  the  questions  below  it. 

B      C  R3 


a. 
b. 
c. 

e. 
f. 

g. 

h. 


R9 

Current  first  divides  at  »vhich  point? 

Current  next  divides  at  which  point? 

Does  current  also  divide  at  Point  D?  Point  F? 

How  many  resistors  are  in  series  with  the  source? 

Will  there  be  a  full  10  amps  of  current  through  R7? 

Will  there  be  a  full  10  amps  of  current  through  R4? 

Will  there  be  a  full  10  amps  of  current  at  Point  G? 

Does  total  current  go  through  R2? 

Does  a  full  10  amps  enter  R9? 

Will  current  be  common  through  R3  and  R5? 

Does  the  full  10  amps  of  current  enter  Point  D? 

Name  the  two  resistors  in  string. 


R7 


4J2 
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ASSIGNMENT  SHEET  #2:-PERF0RM  EXERCISES  IN  CIRCUIT  REDUCTION 


1.  This  assignment  is  to  reduce  series-parallel  circuits  by  re-drawing  them  "as  series  circuits 
in  this  manner: 


Original  Circuit 


Redrawn 


R2  and  R3  in  the  original  circuit  have  been  combined  into  one  resistor,  which  has 
become  R^^  in  the  redrawQ,  circuit.  Rg_  in  the  redrawn  circuit  will  have  the  same 
resistance  as  R2  and  R3  combined  in  the  original  circuit.  In  other  words,  R  in  the 
redrawn  circuit  will  be  equal  to  R     of  the  qriginal  circuit.  ' 

a.  What  is  the  resistance  value  of  R     in  the  redrawn  circuit  above? 

b.  Redraw  the  series-parallel  circuit  with  just  one  resistor  and  show  its  value. 


2.   Redraw  the  circuit  below  by  combining  R3,  R4,  and  R5.  Show  the  new  value. 

r-WWV- 


R1    10  SY 


^b^L<  R3 


Ea 

25  V 


lOfV  R4 
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You  should  now  have  two  resistors  in  parallel.  Redraw  the  circuit  again,  combining  the 
parallel  branches.  Show  the  equivajent  value  of  the  parallel  branch. 


Your  circuit  should  now  be  a  series  circuit  with  two  resistors.  Redraw  the  circuit  once 
more,  showing  one  equivalent  resistor.  Show  values,  including  1^,  on  the  schematic. 
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ASSIGNMENT  SHEET  #3--S0LVE  FOR  TOTAL  RESISTANCE 


1.  This  assignment  will  combine  circuit  reductions  and  solve  for  total  circuit  resistance  in 
more  complex  ciecuits.  Use  the  steps  cited  in  the  Information  Sheet  and  refer  to  it  if 
necessary.  Study  the  circuit  below.  Trace  current  flow  and  determine  which  resistors 
are  in  parallel. 


+ 


a.  First,  find  R     for  R4  and  R5  =  

"M  

b.  Redraw  circuit,  showing  R4  and  R5  combined  into  one  equivalent  resistor.  Show 
values. 


2.   Note  that  R2  and  R     are  now  in  series  and  are  additive.  Combine  R2  and  R  into 
one  equivalent  resistor,  R_^.  Redraw  the  circuit  and  show  values. 


4jr 
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3.   Notice  npw  that  the  new  R^^  is  in  parallel  with  R3.  Find  the  next  R     and  redraw 
the  circutt  with  appropriate  vafties  shown.  ^ 


4.   Redraw  the  final  circuit  showing  one  equivalent  resistor,  R^. 
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ASSIGNMENT  SHEET  #4--S0LVE  FOR  TOTAL  CURRENT 


Study  the  circuit  below. 


R1   ^  II 


la  '3=2a 


R2 


R3 


Find  |^  = 


R3 


Find  l^  = 


Rl 


R2 


R4 


'4 
2a 


'3 
la 


R3 


'5 
la 


R5 
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ASSIGNMENT  SHEET  #5--S0LVE  FOR  TOTAL  VOLTAGE 


ta 


Rl  <,  VI 
30V 


I 

VR2  > 

10V  e  ^2 

S 

R3 


VR3 
20V 


Rl 

 VNAAA- 

Ea  VR1 

I  10V 


10V  >  R3 


R2 


VR5 
lOv 

-'^AA/^A- 

R5 


VR2 
20V 


lOv  S  R4 
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ASSIGNMENT  SHEET  #6--S0LVE  FOR  TOTAL  POWER  IN  SERIES- 
PARALLEL  CiRCUltS 


1.   FindPp  Pj  = 


10a 


Ea 


R1 


2.   Find  P-j..  P^  = 


R1 


 Ea  10  V[ 


R2 


V2 
10V 


5a 


R3 


R4 


3.   FindPp  Pj  = 


Ea 

~30  V 


10a  R1 

YaV-AAA' 

R3 


2  S  R2 

A^  1 


4 -JO 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 


ASSIGNMENT  SHEET  #7 -SOLVE  FOR  BRANCH  VOLTAGES  AND  CURRENTS 

IN  SERIES-PARALLEL  CIRCUITS 


1.   In  this  assignment,  you  will  solve  for  branch  voltage  drop  and  current  through 
branches. 


a.     In  the  schematic  balow  Vpg  =_ 


b.  What .  is  Vpj2?. 

c.  Find  Ip2  above 


2.   In  the  circuit  below,  the  voltage  drop  across  R^  is 


_  Ea 

+ 

15v 

3.   In  the  circuit  above,  V 


R2 


4.  In  the  circuit  above 

5.  Study  this  circuit, 
a.  FindV, 


'R3 


R2- 


b.     Find  I 


R1- 


c.     Find  I 


R2- 


+ 


_  Ea 

50v 


R1 


lOv 
R3 


R1 

20  rL 


R2 

40  n. 
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ASSIGNMENT  SHEET  #8--S0LVE  FOR  MULTIPLE  VALUES  OF 
VOLTAGES  AND  CURRENT 


1 .  Solve  for  quantities  indicated. 


a.  of  R2,  R3  = 


2.   Solve  for  quantities  indicated. 


b.  .  Rj  = 


c. 

d. 
e. 
f. 

g. 

h. 


't 

V 


V 


R1 


R2 


^R3  =  i 


'R1 


'R2 


i.  I 


R3 


i.  I 


j.  I 


R3 


R4 
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SERIES-PAR"ALLEL  CIRCUITS 
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ASSIGNMENT  SHEET  #&-ANSWER  QUESTIONS  REGARDING  OPENS 
AND  SHORTS  IN  SERIES-PARALLEL  CIRCUITS 


The  fuse  in  the  circuit  below  is  rated-^t  10  amps.  Analyze  the  circuit  and  answer  the 
questions  below  it. 


i5=3a 


 ^  ^WAAA 

R5 


a!      How  many  amps  will  try  to  flow  through  the  fuse? 
b.     Will  the  fuse  blow  and  create  an  open? 

In  the  following  circuit  an  open  suddenly  occurs  between  R3  and'R4.  Answer  the 
questions. 


R1 


R3 


R2 


R5 


R4 


a.  Total  current  will  (increase,  decrease,  stay  the  same) 

b.  Ir3  vvill  (increase,  decrease,  stay  the  same) 


Ir^the  shorted  circuit  below,  the  current  flowing  through 

a.  R2  =  

b.  R3  = 


SHORT 
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ASSIGNMENT  SHEET  #10-ANSWER  QUESTIONS  ABOUT  GROUNDS 
AND  VOLTAGE  POLARITY 
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1 .  This  assignment  deals  with  voltage  dividers  and  grounds, 
especially  with  grounds  not  located  at  the  power  source.. 
Study,  the  circuit  and  indicate  the  polarity  and  voltages 
requesters. 

a.  The    voltage    between    Point    A    and  ground 
is  (positive/negative) 

b.  The  voltage  polarity  be'^tween  Point  B  and  ground 
is/  (positive/negative) 

c.  The  voltage, polarity  between  Point  C  and  ground 
is__  (positive/negative) 

d.  '  The  voltage  polarity  between  Point  D  and  ground 

is  (positive/negative) 

2.  Sti^dy  the  circuit  and  answer  the  questions. 

a.     Th'e  voltage  aod  polarity  from  Point  A  to  ground  is 


b.  Vg  (from  Point  B  to  ground)  is_ 

c.  Vq  (Point  C  to  ground)  is  


d.     Vp  (Point  D  to  ground)  is   

a.     Voltage  at  Point  D  with  respect  to  Point  A  is 


J 


+ 


Ed 
30V 


+ 


E.J 

120V 


JRl 
'lO 

n 

10 

B 

^R3 
10 

c 

10 

>n. 

D 


A 

Rl 
20 

n 

B 

►  R2 
'  30 

n 

•  R3 

'30 

a 

J  R4 
>40 

<n 

D 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 


ASSIGNMENTSHEET#11-ANALYZE  NO-LOAD  AND  LOAD  CIRCUITS 


In  this  assignment,  you  are  going  to  perform  a  circuit  + 
analysis  between  a  no-load  circuit  and  a  load  circuit, 
Suppose  we  have  a  given  circuit  with  no-load  condition.  ' 

With  respect  to  ground,  what  is  the  polarity  and  voltage 
at: 


a.  Point  A_ 

b.  •  Point  B_ 

c.  Point  C 


First,  let  u^  record  the  quantities  in  the  circuit  with  no-load  or  ground  connected.  Fill 
in  the  blanks  with  the  proper  values. 


R1 

a. 

10a 

b. 

It 

R2 

ion. 

c. 

R3 

d." 

Vr2 

ion  . 

e; 

Vr3 

Suppose  now  that  we  want  to  connect  a  load  that  needs  negative  volts  to  operate. 
Which  of  the  following  circuits  shows  the  proper  load  connection? 


594 
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4.   Connecting  a  load  to  the  voltage  divider  gives  a  series-parallel  circuit,  like  this: 


R4 

ion. 


Load 


The  important  thing  to  notice  here  is  that  R3  now  becomes  a  resistor  in  parallel 
instead  of  in  series. 

The  load  we  want  to  operate  needs  10  volts.  (Do  we  still  have  the  necessary  10  volts 
when  we  connect  the  load  across  R3?)  By  adding  the  load,  we  know  that  many 
quantities  are  going  to  change.  Solve  for  quantities  indicated. 


a. 

eq 

b. 

Rt. 

c. 

't 

d. 

Vri 

e. 

Vr2 

f. 

Vr3 

5.   Compare  the  quantities  in  your  no-load  circuit  with  the  quantities  in  your  load  circuit, 
and  complete  the  boxes  below,  using  arrows  to  show  Increases  or  decreases. 


Rt 

't 

^R1  ^R2 

^R3 

Add 
R4 

\ 
i 

1 

6.  State  the  voltage  drop  across  R4. 

7.  Will  the  load  have  10  volts,  connected  as  shown  above? 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

1.  Point  Y,  Point  Z 

2.  In  series-Rl  and  R4 
In  parallel-R2  and  R3 

3.  a  and  d 

4.  a.     Point  C 

b.  Point  A 

c.  No 

5.  R3,  R4,  R5 

6.  R1,R6 

7.  All  are  correct 

8.  a.     Point  A 

b.  Point  B 

c.  Point  C 

9.  d 

10.  a.  One(Rl) 
b.  Yes 

11.  a,  b,  d 

12.  a.     Point  A  g.  Yes 

b.  Point  C  h.  No 

c.  Yes,  Yes  i.  No 

d.  None  j.  Yes 

e.  No  k.  No 

f      No  1.      R3  and  R5 


Assignment  Sheet  #2 

1.  a.  5-n. 
-  X  Ea 


"==~  lOv  lOA^  R1 


2. 


'1 


Ea    ion.  > 


F-25V  3Qn|"2  30/x|r3,4,5 
'  i  (Ea) 


R1 


(  -vAAA/^  

-L  Ea  ion. 

—   25v  15 


3 


[Req) 


-r  25v 


25n?  R1 


Assignment  Sheet  #3 
1.  a.      15  ohms 
b. 


4A  <  R1 


Req 
15n 


R2 
5A 


200.1  R3 


2. 


JTT 


4n.  $  Ri 


Req  '< 

-  20n.' 


20m  R3 


4-  Req  10  n.J 


4. 


i4n' 


Assignment  Sheet  #4 

1.  3a 

2.  6a 

3.  4a 
Assignment  Sheet  5 

1.  50  V 

2.  30  V 

3.  40  V 
Assignment  Sheet  #6 

1.  150w 

2.  lOOw 

3.  300w 
Assignment  Sheet  #7 

1.  a.  20v 

b.  20  V 

c.  2a 

2.  5v 


3.  5v 


4.  0.5a  or  500ma 

5.  a. 

40  V 

b. 

2a 

c. 

la 

Assignment  Sheet  #8 

1.  a. 

8  2. 

a. 

10 

b. 

10 

b. 

10a 

c. 

10a 

c. 

50v 

d. 

20v' 

d. 

50v 

e. 

80v 

e. 

25v 

f. 

BOv 

f. 

12.5v 

g. 

10a 

g< 

12.5v 

h. 

2a 

h. 

5a 

i. 

8a 

i. 

5a 

Assignment  Sheet  #9 

1.  a.  12a 
b.  Yes 

2.  a.  Decrease 
_  b.  Decrease 

3.  a.  Zero 
b.  Zero 

ssignment  Sheet  10 

a.  20v  negative 

b.  20v  positive 

c.  40v  positive 

d.  60v  positive 


BE  -  463-C 

2.  a.  Negative  50v 

b.  Negative  30v 

c.  Positive  30v 

d.  Positive  70v 

e.  Positive  120v 
Assignment  Sheet  #1 1 

1.  a.  Negative  10  volts 

b.  Positive  10  volts 

c.  Positive  20  volts 

2.  a.  30 

b.  la 

c.  lOv 

d.  lOv 

e.  lOv 

3.  c 

4.  a.  5 

b.  25 

c.  1.2a 

d.  12v 

e.  12v 

f.  6v 


5. 

It 

Eri 

^R2 

^R3 

Add  R4 

1 

t 

6.  6  volts 

7.  No 
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SERIES-PARALLEL  CIRCUITS 
UNIT  XII 


J0BSHEET#1-MEASURE  AND  CALCULATE  QUANTITIES  IN  SERIES- 
PARALLEL  CIRCUITS 


Tools  and  materials 

A.  DC  Power  Supply 

B.  Multimeter  (or  equivalent) 

C.  Two  1000,  one  1500,  and  one  2200  ohm  resistors,  1/2W  or  more 

D.  Switch-SPST 
Procedure 

A.  Connect  the  resistors  as  shown  in  the  schematic 

B.  Adjust  the  power  supply  to  20V  and  close  the  switch 

Rl  R3 


0  f  0 — 

— vAAAA- 

looon 

K        1 000  n  [ 

P.S. 

-f 

>  

<R2  S 

e  2200  n  $ 

ERIC 


C.  Measure  and  record  the  voltage  drop  across  each  resistor  (V^ ,  ^2^...) 

D.  Measure  and  record  the  current  through  each  resistor  (1^,  l^,...) 

E.  Compute  the  power  used  by  each  resistor  using  the  values  measured  in 
Steps  C  and  D  (P^  =  V^l^,  etc.) 

F.  Measure  and  record       and  \  j 

G.  Compute  R-^  using  the  measurements  of  Step  F 

H.  Compute  Rl,  R2,  R3,  and  R4  using  the  voltage  drops  and  currents  mea- 
sured in  Steps  C  and  D 


Compute  Rj  using  the  resistance  values  computed  in  Step  H 


JOB  SHEET  #  I 


Discuss  the  following: 

1 .  Did  the  value  of       computed  in  Step  G  differ  from  Step  I? 
Explain, 

2.  Why  does  the  resistance  computed  using  the  voltage  drop  and  cur- 
rent differ  from  the  color-coded  value? 

3.  How  much  difference  do  you  think  you  can  permit  between  the 
computed  and  the  color-coded  values  of  a  resistor?  Why? 

4.  Does  the  total  power  (El)  equal  the  total  power  computed  in  Step 
E?  Explain  any  differences 


BE 
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JOB  SHEET  #2 -CONSTRUCT  A  VOLTAGE  DIVIDER  AND  ANALYZE  ITS 

FUNCTION 


Tools  and  materials 

A.  DC  Power  Supply 

B.  Multimeter 

C.  1 000  ohm  and  two  2200  ohm  resistors,  1/2W  or  more 

D.  1 2-V  lamp  or  equivalent 
Procedure 

A.     Connect  the  resistors  in  series  with  the  power  supply  as  shown  in  the 
tollowing  schematic. 


RL 

2200  n. 


B.  Adjust  the  power  supply  to  20V 

C.  Close  the  switch  and  measure  and  record  Vp,2  and  Vp,T 

D.  Connect  the  load  across  points  A  and  B 

^'  To'nnec^ed  '"'"'"^  '""^  ^'^^  ^^e  load 

F.  Explain  why  Vrj  changed  when  the  load  was  connected  and  explain  the 
direction  of  the  change  cAK-iaui  me 

G.  Explain  the  differences  observed  in  V2  with  and  without  the  load 

H.  Discuss  the  following 

1.  Do  series  resistors  cause  voltage  changes  when  load  currents  change? 
How  and  in  what  way?  ^ 

2.  When  the  load  is  connected  does  the  power  supply  "see"  a  series 
circuit  or  a  series  parallel  circuit?  a  series 


5  » 
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NAME  

TEST 

1 .   Match  the  terms  on  the  right  with  their  correct  definitions. 

 a-  Simplifying  a  circuit  by  combining  elements 

 ^-  A  circuit  which  contains  some  components 

in  series  and  others  in  parallel 


 ^'  A  system  of  resistors  connected  across  a 

voltage  source  to  permit  the  tapping  of 
voltages  of  different  values 

 A  voltage  reference  point  which  may  indicate 

a  current  return  path  to  one  side  of  the 
voltage  source 

 A  connection  of  one  side  of  the  voltage 

or  current  source  to  the  metal  frame  of 
the  equipment 

-  "f-   A  junction  point  in  a  circuit  at  which  current 

divides  into  separate  parallel  branches,  or 
reunites  from  parallel  branches 

 9.  Connection  of  one  side  of  the  voltage  or 

current  source  to  conductive  metal  which 
enters  the  earth  at  some  point 

2.   Match  the  schematic  symbols  for  grounds  with  their  definitions 


1.  Series  parallel 
circuit 

2.  Node 

3.  Circuit 
reduction 

4.  Voltage 
divider 

5.  Ground 

6.  Eartii 
ground 

7.  Chassis 
ground 


_b. 
c  « 


1.  Chassis  ground 

2.  Common  ground 

3.  Earth  ground 


3.   State  Kirchhoff's  current  law. 


Arrange  in  proper  order  the  steps  to  simplify  a  series-parallel  circuit  by  placing  the 
correct  sequence  number  in  the  appropriate  blanks. 

 a.  Combine  all  equivalent  resistances  and  series  resistances  to  determine  total 

resistance 

 ^'  Reduce  each  parallel  group  to  an  equivalent  resistance,  R 

 c.  Trace  current  flow  and  ihdicate  polarity 


_^d.  Determine-  total  current  by  dividing  applied  voltage  by  total  resistance 
_e.   Identify  series  resistors 

_f.    Redraw  the  circuit  using  a  single  resistor  to  represent  each  equivalent 
resistance 

_g.   Identify  nodes 

^h.  Identify  series  or  parallel  groups  of  resistors 


Select  true  statements  describing  the  function  of  ground  as  a  voltage  reference  by 
placing  an   X   m  the  appropriate  blanks. 

 a-  Only  earth  grounds  may  be  used  in  circuits 

 b.  Use  of  grounds  helps  simplify  the  schematic 

 Ground  may  be  ths  common  return  path  for  current 


 d.  A  ground  prohibits  the  generation  of  both  positive  and  negative  voltages 

 e.  Chassis  ground  permits  use  of  the  chassis  for  the  voltage  reference  point  for 

all  voltage  measurements 

Select  true  statements  which  describe  the  functions  of  a  voltage  divider  by  placing  an 
X   in  the  appropriate  blanks. 

 3-  Tapped  voltages  must  be  either  all  positive  or  all  negative 

 b.  If  the  load  draws  appreciable  current,  the  voltage  division  differs  from  the 

no-load  condition 

 c.  Chassis  ground  is  often  used  as  the  zero  reference  point 

 d.  A  load  is  connected  in  series  with  the  rosistor  from  which  the  voltage  is 

tapped 

 e.  A  voltage  divider  allows  tapping  off  of  different  voltages  for  various 

applications 
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7.   Demonstrate  the  ability  to: 

a.  Measure  and  calculate  quantities  in  series-parallel  circuits 

b.  Construct  a  voltage  divider  and  analyze  its  function  ' 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  ask  your 
mstructor  when  they  should  be  completed.) 


r 
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1.  a.     3  e.  7 


b.     1  f. 
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ANSWERS  TO  TEST 

\ 


c.     4  g.  6 

--d.  5 


a.  2 

b.  3 

c.  1 


3.  The  sum  of  all  the  currents  flowing  into  a  point  or  junction  in  a  circuit  is  equal  to'lhe 
sum  of  all  the  currents  "flowing  away  from  that  point  or  junction 

4.  a.     7  e.     3  y 

b.  5  f.  6 

c.  1  g.  2 

d.  8  h.  4 


5.  b,  c,  e  _ 

6.  b,  c,  e 

7.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructofc 
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.  MAGNETISM 
UNIT  XIII 


UNIT  OBJECTIVE 


Aftqj^completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  about 
magnetic  lines  of  force,  magnetic  fields,  ^nd  magnetic  flux,  discuss  the  method  and 
effect  of  induction.  The  student  should  also  be  able  to  show  the  existence  of  magnetic  lines 
around  a  magnet,  demonstrate  that  magnetic  poles  can  attract  and  repel,  and  construct  an 
electromagnet  and  check  its  operation.  This  knowledge  will  be  evidenced  by  correctly 
performing  . the  prpcedures  outlined  on  the  job  sheets  and  by  scoring  85  percent  on  the  unit 
test. 


SPECIFIC  OBJECTIVES 


After  completion  of  i        ,t,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  magnetism  with  their  correct  definitions. 

2.  Name  two  types  of  natural  magnets  and'two  types  of  artificial  magnets. 

3.  Name  two  ways  of  producing  artificial  magnets. 

4.  Distinguish  between  high,  medium,  low,  and  nonpermeable  magnetic  materials. 

\  5.  Select  true  statements  concerning  magnoJc  lines  of  force,  magnetic  fields, 
magnetic  flux,  and  flux  density. 

6.  Discuss  the  use  of  the  left-hand  rules  for  conductors  and  coils  using  an 
illustration. 

7.  Discuss  the  method  and  effect  of  induction. 

8.  List  practical  applications  of  induction  in  the  electronics  field. 

9.  Demonstrate  the  ability  to: 

a.  Show  the  existence  of  magnetic  lines  of  force  around  a  magnet. 

b.  Demonstrate  that  magnetic  poles  can  attract  and  repel. 

c.  Construct  a  simple  electromagnet  and  cheeky  its  operation. 
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UNIT  XIII 


SUGGESTED  ACTIVITIES 

I.  Provide  student  with  objective  sheet.  ' 

II.  Provide  student  with  information  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  sheets. 

VI .  Demonstrate  and  discuss  the  procedures  outlineG  in  the  job  sheets. 

VII.       Use  overhead  projector,  sheet  of  transparency,  magnets,  and  iron  filings  to 
demonstrate  magnetic  lines  of  force. 

VIII.      Give  test. 

INSTRUCTIONAL  MATERIALS 
I.       Includsd  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Magnetic  Poles 

2.  TM  2-Types  of  Magnets 

3.  TM  3-Producing  Artificial  Magnets 

4.  TM  4-Magnetic  Lines  of  Force 

5.  TM  5"Magnetic  Flux  and  Flux  Density 

6.  TM  6-lnduction 
E.     Job  sheets 

1.  Job  Sheet  #1-Show  the  Existence  of  Magnetic  Lines  of  Force  Around 
a  Magnet 

2.  Job  Sheet  #2-Demonstrate  that  Magnetic  Poles  can  Attract  and  Repel 

3.  Job  Sheet  #3-Construct  a  Simple  Electromagnet  jnd  Check  Its 
Operation 


er|c 


F.  Test 

G,  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics.  5th  ed..  New  York:  McGraw-Hill  Book 
Co.,  1977. 

B.  Marcus,  Abraham.  Basic  Electronics.  Englewood  Cliffs,  NJ:  Prentice-Hall 
Inc.,  1974. 

C.  Terman,  F.  E.  Radio  Engineer's  Handbook,  New  York:  McGraw-Hill  Book 
Co.,  1952. 
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INFORMATION  SHEET 


Terms  and  definitions 

A.  Magnetism--A  property  of  certain  materials  (e.g.,  iron,  nickel,  and  cobalt) 
which  exerts  a  mechanical  force  on  other  magnetic  materials,  and  which  can 
cause  induced  voltages  in  conductors  when  relative  movement  is  present 

B.  Magnet--An  object  which  will  attract  iron,  nickel,  or  cobalt  and  which 
will  produce  an  external  magnetic  field 

C.  Natural  magnet-Any  material  found  in  the  earth  which  exhibits  the 
properties  of  magnetism 

Example:        The  lodestone,  which  contains  magnetite,  a  form  of  iron,  and 
which  has  been  magnetized  by  the  earth's  magnetic  field 

D.  Artificial  magnet-A  device  which  has  been  made  magnetic  by  induction 

E.  Induction-The  process  of  magnetizing  an  object  by  bringing  it  into  the 
magnetic  field  of  an  electromagnet  or  permanent  magnet 

F.  Magnetic  lines  of  force--An  imaginary  line  in  a  magnetic  field  that  coincides 
in  direction  with  the  field  iniunsity  at  each  point  and  which  has  a  direction 
from  the  North  to  the  South  pole 

G.  Magnetic  field-The  area  around  a  magnet  through  which  the  lines  of  force 
flow 

H.  Permanent  magnet-A  magnetic  device  which  retains  its  magnetism  after 
it  is  removed  from  a  magnetic  field 

I.  Electromagnet- A  core  of  soft  iron  that  i^  temporarXy  magnetized  by  sending 
'    current  through  a  coil  of  wire  wound  around  the  core 

J.  Permeability-A  measure  of  the  .effectiveness  of  a  material  as  a  path  for 
magnetic  lin^s  of  force  as  compared  with  the  effectiveness  of  air 

(NOTE:  Some  materials  such  as  iron  have  high  permeability,  others  such 
as  aluininum  have  medium  permeability,  and  others  such  as  silver  and 
gold  have  low  permeability.) 

K.  Magnetic  poles-The  portion  of  a  magnet  where 'the  magnetic  lines  appear  to 
concentrate  (Transparency  1) 

(NOTE:  By  convention  the  north-seeking  pole  is  marked  with  N,  or  plus, 
or  is  colored  red.) 
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L.     Ferromagnetic-Magnetic  materials  with  high  values  of  permeabilitv  which 
range  from  50  to  5000 

(NOTE:  Steel,  cobalt,  nickel,  and  ainico  are  ferromagnetic  materials.) 
M.    Diamagnetic-Magnetic  materials  with  a  permeability  of  less  than  one 

(NOTE:  Diamagnetic  materials  include  bismuth,  antimony   copper  and 

zinc.)  r-r-  , 

Types  of  magnets  (Transparencies  2  and  3) 

A.  Natural  magnets 

1 .  The  earth 

2.  Lodestone  . 

B.  Artificial  magnets 

1 .  Electromagnets 

2.  Permanent  magnets 
Ways  of  producing  artificial  magnets 

A.  Electrical  coil  method 

B.  Stroking  method  ^ 
Permeability  of  magnetic  materials 
A.     High  permeability 

1.  Iron 

2.  Steel 

3.  Nickel 

4.  Cobalt 

5.  Commercially  made  alloys  of  iron,  nickel,  cobalt  and  other  elements 

a.  Silicon  steel 

(NOTE:  Silicon  steel  is  used  in  transformers.) 

b.  Ainico 

(NOTE:  Ainico  is  used  in  audio  speakers.) 


INFORMATION  SHEET 

B.  Medium  permeability 

1.  Aluminum 

2.  Platinum 

3.  Manganese 

4.  Chromium 

C.  Low  permeability 

1.  Bismuth 

2.  Antimony 

3.  Copper 

4.  Zinc 

5.  Rare  metals  (mercury,  gold,  silver) 

D.  Nonmagnetic  materials 

1.  Glass 

2.  Paper 

3.  Rubber 

4.  Wood 

5.  Air 
Magnetic  properties 

A.     Magnetic  lines  of  force  (Transparency  4) 

1 .  Continuous  and  form  complete  loops 

2.  Never  cross  each  other 

3.  Cause  like  poles  (north-north,  south-south)  to  repel  each  other 

4.  Cause  unlike  poles  (north-south,  south-north)  to  attract  each  oth 

5.  Parallel  lines  going  in  the  same  direction  repel  each  other 

6.  Attract  other  lines  going  in  the  opposite  direction 


INFORMATION  SHEET 

7.  Exert  tension  along  their  lengths,  tending  to  shorten  themselves 

(NOTE:  If  the  two  poles  of  a  magnet  could  move,  the  lines  of  force 
would  eventually  pull  the  two  poles  together.) 

8.  Pass  through  all  materials,  both  magnetic  and  nonmagnetic 

9.  Always  enter  or  leave  magnetic  material  at  right  angles  to  the  surface 
10.   Tend  to  flow  in  paths  of  least  opposition 

Magnetic  field 

1.  Area  around  magnet  through  whicfi  force  lines  flow 

2.  Direction  of  flow  is  always  from  north  pole  to  south  pole 
Magnetic  flux  ^Transparency  5) 

1.  Sum  total  of  magnetic  field  force  lines  flowing  from  north  pole  to 
south  pole 

2.  Symbol  for  magnetic  flux-Greek  letter  phi 

3.  Unit  of  flux-Maxwell;  one  maxwell  (Mx)  equals  one  line  of  force 

Example:         If  a  magnetic  field  contains  6  lines  of  force,  the  flux 
of  the  magnet  is  6  maxwells,  or  <l>  =  6Mx 

4.  Flux  density-Number  of  force  lines  per  given  area 

a.  Symbol--B 

b.  Unit  of  flux  density-Gauss  (G);  one  gauss  (G)  e(]uals  one  force 
line  per  square  centimeter 

c.  In  the  magnetic  field  showfi  in  Figure  1,  total  magnetic  flux 
(from  point  A  to  point  B)  is  3  lines  of  force,  or  8  maxwells, 
expressed  as     ^  8Mx 
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d.     The  flux  density  (B)  in  one  square  centimeter  (1  cm^)  equals 
3  gauss,  expressed  as  B  =  3G 

A 


FIGURE  1 


B  =  3G 


1  CM 


0  =  SMx 


\ 


}J 


B 

(NOTE:  A  typical  one  pound  magnet  might  have  a  magnetic  flux  of  5000 
maxwells,  and  a  flux  density  of  1000  gauss.) 

VI.       The  use  of  the  left-hand  rule  for  conductors  and  coils 
A.     Left-hand  rule  for  conductors  (Figure  1) 

1.  Grasp  conductor  wirii  ielt  hand  as  shown,  making  sure  thumb  is 
pointing  in  direction  o\  f  'ectron  flow  in  the  conductor 

2.  Direction  of  magnetic  fuld  flow  is  in  the  direction  of  the  four  fingers, 
from  large  knuckles  ':oward  fingertips 


FIGURE2 


Direc  y\  of  Magnetic  Field 


7^- 

^/Direction  of  _ 
^   Current  Flow 


B.     Left-hand  rule  for  coiis 

1.  Grasp  the  coil  vviih  \^.\\  hand  as  shown  below  so  that  the  four  fingers 
(from  knucKles  to  fingertips)  point  in  direction  of  electron  flow 
through  the  coiled  cor  OLiclor 

2.  The  thumb  now  points  toward  the  north  pole  of  the  electromagnet 
FIGURES 
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VII.       Induction  (Transparency  6) 

A.  Method 

1 .  Place  iron  bar  in  vicinity  of  permanent  magnet 

2.  Do  not  allow  iron  bar  to  touch  magnet 

B.  Effect 

1 .  Magnetic  field  lines  of  force  flow  through  the  iron  bar 

2.  The  iron  bar  becomes  electromagnetized 

3.  Pole  polarity  is  reversed 

a.  End  of  bar  near  north  pole  of  magnet  becomes  south  pole  of 
bar 

b.  End  of  bar  near  south  pole  of  magnet  becomes  north  pole  of 
bar 

4.  The  permanent  magnet  attracts  the  iron  bar 
(NOTE:  This  constitutes  more  action.) 

Vlli.       Practical  applications  of  induction  in  the  electronics  field 

A.  Radio  and  television  transmission  and  reception 

B.  Tran-f^ormers 

Relet    and  solenoids 

C'^     chokes,  and  inductors 

Audio  speakers 

F.  Motors  and  generators 

G.  Magnetic  memory 
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Types  of  IVIagnets 
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Lodestone 


Natural 


Artificial 


Producing  Artificial  Magnets 
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Magnetic  Lines  of  Force 


Unlike  Poles  Attract 


Lines  of  Force 

Like  Poles  Repel 
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Magnetic  Flux  and  Flux  Density 


Flux  Density 
B  =  3G 


1  CM  2 


|J2 


Magnetic  Flux 
0  =  14  Mx 
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JOB  SHEET  #1-SH0W  THE  EXISTENCE  OF  MAGNETIC  LINES  OF  FORCE 

AROUND  A  MAGNET 

I.       Equipment  and  materials 

A.  One  magnet 

B.  Compass 

C.  Flat  piece  of  glass  or  clear  lucite  (approximately  8"  x  10") 

D.  Shaker  of  iron  filings 
I.  Procedure 

A.  With  compass  at  least  5  yards  away  from  your  magnet,  see  that  the  needle 
points  to  earth's  "north" 

B.  Bring  the  compass  to  within  4  inches  of  one  pole  of  your  magnet  and 
observe  the  change  in  the  compass  needle  indication 

C.  Bring  the  compass  to  within  4  inches  of  the  magnet's  other  pole  and  observe 
the  change  in  the  compass  needle  indication 

D.  Place  the  magnet  under  the  center  of  the  flat  piece  of  glass 

E.  Using  the  sketch  below,  move  the  compass  into  the  positions  indicated 
by  number 

F.  Record  the  needle  indication  at  each  of  th'}  positions 


Glass  — 
Magnet 


FIGURE  1 

G.  With  the  magnet  still  under  the  center  of  the  flat  piece  of  glass,  sprinkle  iron 
filings  on  top  of  the  glass 

H.  Observe  the  lines  of  flux  indicated  by  the  iron  filings 


1      2  3 

^    '  T 


> 


(Compass 
Positions) 
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Make  a  sketch  of  the  pattern  formed  by  the  filings 

(NOTE:  The  following  questions  may  be  used  for  discussion: 

1.  Does  the  compass  indicate  that  there  is  a  force  surrounding  your 
magnet?  Do  the  compass  indications  show  the  direction  of  the  flux 
lines?  Explain  why  your  compass  indicates  this  flow. 

2.  Do  the  iron  filings  concentrate  at  the  poles?  Why  are  the  lines  of  flux 
spread  out  when  not  in  the  vicinity  of  the  poles?  Give  two  reasons.  Do 
the  lines  cross  each  other?  Give  at  least  three  other  characteristics  of 

^  magnetic  fields  that  are  illustrated  by  the  position  of  the  iron  filings.) 
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MAGNETISM 
UNITXIII 

JOB  SHEET  #2-DEM0NSTRATE  THAT  MAGNETIC  POLES  CAN  ATTRACT 

AND  REPEL 

Ecjuipment  and  iriaterials 

A.  Two  maynets 

B.  Piece  of  flat  glass  (approxiinaiely  8"  x  10") 
(NOTE:  Clear  lucite  can  be  used.) 

C.  Small  piece  of  iron 

D.  Small  piece  of  brass 

E.  Shaker  of  iron  filings 
Procedure 

A.  Place  one  magnet  on  a  smooth  surface 

B.  Bring  the  north  pole  of  the  other  magnet  close  to  the  north  pole  of  the  first 
one 

C.  Observe  the  action  of  the  magnets 

D.  Repeat  steps  A,  B,  and  C  but  bring  the  north  pole  of  one  magnet  close 
to  the  south  pole  of  the  other 

E.  Observe  the  action  of  the  magnet? 

F.  Place  the  magnets  under  the  gla^s  with  unlike  poles  opposite,  but  not 
touching,  each  other 

G.  Sprinkle  iron  filings  over  the  glass  and  sketch  the  resulting  pattern 

H.  Lift  the  glass  and  replace  the  iron  filings  into  the  shaker 

I.  Place  the  magnets  under  the  glass  with  like  poles  opposite,  but  not  touching, 
each  other 

J.     Sprinkle  iron  filings  over  the  glass  and  sketch  the  resulting  pattern 
K.     Replace  the  filings  into  the  shaker 
L.     Place  one  magnet  under  the  glass 
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M.    On  one  end  of  the  glass  place  the  small  piece  of  iron  close  to  the  pole  of  the 
magnet  but  not  directly  over  the  pole 

N'.    On  the  other  end  in  a  similar  position,  place  the  small  piece  of  brass  close  to 
the  other  pole  of  the  magnet 

O.    Sprinkle  iron  filings  on  the  glass,  brass,  and  iron  pieces 

P.     Sketch  the  resulting  pattern 

(NOTE:  The  following  questions  may  be  used  for  discussion: 

1 .  Explain  the  reactions  of  the  magnets  in  steps  A,  B,  C,  and  D. 

2.  Explain  how  the  sketches  of  like  poles  and  of  unlike  polas  show  that 
there  are  forces  of  repulsion  and  attraction. 

3.  What  happened  to  the  lines  of  force  as  they  passed  through  the  small 
piece  of  iron?  What  happened  as  they  passed  through  the  small  p^ece  of 
brass?  Do  the  lines  of  force  also  pass  through  the  glass?  Explain  -jr 
sketch  nnade  in  step  P.) 


EKLC 


BE 


MAGNETISM 
UNIT  XIII 

JOB  SHEET  #3-C0NSTRUCT  A  SIMPLE  ELECTROMAGNET 
AND  CHECK  ITS  OPERATION  • 

Equipment  and  materials  needed 

A.  1  1/2-volt  battery 

(CAUTION:  Use  no  more  than  1.5  volts!) 

B.  .    4  feet  hook-up  wire  (insulated) 

C.  1/4"  iron  bolt,  3"  long 

D.  Compass 

E.  Paperclips 
Procedure 

A.  Start  at  one  end  of  the  hook-up  wire  and  wrap  all  of  the  wire  around  the 
bolt,  leaving  approximately  8  inches  on  both  ends  so  you  can  hook  your  coil 
to  the  battery 

B.  Before  connecting  the  coil  to  the  battery,  check  to  see  that  the  iron  bolt  is 
not  a  magnet 

(NOTE:  Do  this  by  bringing  the  compass  within  4  inches  of  each  end  of 
the  bolt  and  observe  little  or  no  change  in  the  compass  needle.) 

C.  Connect  the  coil  to  the  battery  • 

D.  Bring  the  compass  within  4  inches  of  the  bolt  ends  and  observe  the  needle 
indications  for  north  and  south  poles 

E.  See  if  the  bolt  will  pick  up  the  paper  clips 
(NOTE:  Try  both  ends  of  the  bolt.) 

F.  Disconnect  the  coil  from  the  battery 

G.  Carefully  remove  the  bolt  trying  to  keep  the  coil  in  its  same  shape 

H.  Reconnect  the  coil  to  the  battery 

I.  Check  for  polarity  and  magnetism  with  your  compass  by  bringing  it  close  to 
the  coil  ends 

J.     See  if  the  coil  will  attract  a  paper  clip 

(NOTE:  Try  both  ends  of  the  coil.) 
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Disconnect  the  battery 

(MOTE:  The  following  questions  may  be  used  for  discussion: 

1 .  Is  the  left-hand  rule  for  coils  confirmed  by  your  observations  in  step  C? 
Explain  how  the  compass  confirn>s  the  left-hand  rule. 

2.  Explain  why  both  ends  of  the  electromagnet  with  the  belt  in  position 
will  pick  up  the  paper  clips. 

3.  Why  was  the  coil  weaker  without  the  bolt?  Explain  why  the  polar- 
ity observed  with  the  compass  was  the  same  with  or  without  the 
bolt.) 
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NAME 


TEST 


1.   Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.  A  measure  of  the  effectiveness  of  a  material  as 

a  path  for  magnetic  lines  of  force  as  compared 
w'ith  the  effectiveness  of  air 


_b.  Tjhe  portion  of  a  magnet  where  the  mag- 
netic lines  appear  to  concentrate 

_c.  The  area  around  a  magnet  through  which 
the  lines  of  force  flow 

/ , 

__d.  Any  material  found  in  the  earth  which 
exhibits  the  properties  of  magnetism 

_e.  A  property  of  certain  materials  which  exerts  a 
mechanical  force  on  other  magnetic  materials, 
and  which  can  cause  induced  voltages  in 
conductors  when  relative  movement  is  present 

_f.  A  device  which  has  been  made  magnetic  by 
induction 

_g.  A  core  of  soft  iron  that  is  temporarily 
magnetized  by  sendincj  current  through  a 
coil  of  wire  wound  around  the  core 

_h.  An  object  which  will. attract  iron,  nickel,  or 
cobalt  and  which  will  produce  an  external 
magnetic  field 

_^i.  The  process  of  magnetizing  an  object  by 
bringing  it  into  the  magnetic  field  of  an 
electromagnet  or  permanent  magnet 

J.  A  magnetic  device  which  retains  its 
magnetism  afte*-  it  is  removed  from  a 
magnetic  f  eld 

_k.  An  imaginary  line  in  a  magnetic  field  that 
coincides  in  direction  with  the  field  intensity 
at  each  point  and  which  has  a  direction  from 
the  North  to  the  South  pole 


1 .  Magnetism 

2.  Magnet 

3.  Magnetic  poles 

4.  Magnetic  lines 
of  force 

5.  Ferromagnetic 

6.  Induction 

7.  Permeability 

8.  Diamagnetic 

9.  Artificial 
magnet 

10.  Perma^nent 
magnet 

1 1 .  ElectrorHagnet 

1 2.  Magnetic  field 

13.  Natural  magnet 
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 I.    Magnetic    materials    with    high    values  of 

permeability  which  range  from  50  to  5000 

 nn.  Magnetic    materials    with    a  permeability 

of  less  than  one 

2.  Name  two  types  of  natural  magnets  and  two  types  of  artificial  magnets. 

a.  Natural  magnets 

1)  ^ 
2) 

b.  ;    Artificial  magnets 

2) 

3.  Name  two  ways  of  producing  artificial  magnets, 
a. 

b. 

4.  Distinguish  between  high,  medium,  low,  and  nonpermeable  magnetic  materials  by 
placing  an  "H"  next  to  the  high,  an  "M"  next  to  the  medium,  an  "L"  next  to  the 
low,  and  an  "N"  next  to  the  nonmagnetic  materials. 

 a.  Bismuth 

 b.  Aluminum 

 c.  Silicon  steel 

 ;d.  Rubber 

 e.  Air 

 f.  Iron 

 g.  Wood 

h.  Cobalt 

 i.  Rare  metals 

 j.  Platinum 


t3 


k.  Glass 


BE 


_!.  Nickel 
m.  Antimony 


n.  Copper 


_o.  Manganese 

_p.  Paper 

_q.  Steel 

J,  Zinc 

_s.  Chromium 

t.  AInico 


Select  true  statements  concerning  rragnetic  lines  of  force,  magnetic  fields,  magnetic 
flux,  and  flux^density  by  placing  an  "X   in  the  appropriate  blanks.  ' 

 a-  The  magnetic  lines  of  force  ara  continuous  and  form  complete  loops 

 b.  The  magnetic  lines  of  force  never  cross  each  other 

 c.  The  direction  of  flow  is  from  south  pole  to  nort^ole 

 d.  Parallel  lines  going  in  opposite  directions  repel  each  other 

  The  magnetic  lines  of  force  cause  unlike  poles  to  attract  each  other 

 f-   Magnetic  lines  of  force  exert  tension  along  their  lengths,  tending  to  lengthen 

themselves  ) 

 9-  The  lines  of  force  tend  to  flow  in  the  ^ath  of  highest  opposition 

 h.  The  lines  of  force  pass  through  all  materials,  magnetic  and  nonmagnetic 

 The  magnetic  flu^  of  the  r.iagnet  shown  in  Figure  1  is  4  maxwells 


FIGURE  1 


I  ( (  ^  ^^^^  ' 


!  


1  CM  2 

j.    <I>  =  8Mx  is  correct  for  the  magnet  shown  in  Figure  1 

_k.  The  flux  density  for  the  magnet  shown  in  Figure  1  is:  B  =  4G 
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6.  Discuss  the  use  of  the  left-hand  rule  for  conductors  and  coils  using  the  followihg 


illustrations 
a.     Left-hand  rule  for  conductors 


-• 

Direction  of  Magnetic  Field 

Conductor 

\          VDirectionof  ^ 
^           Current  Flow 

7.   Discuss  the  method  and  effect  of  induction. 

i 

a.  Method 


b.  Effect 


^£5 


• 
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8.  List  four  practical  applications  of  induction  in  the  electronics  field, 
a. 

b. 
c. 
d. 

9.  Demonstrate  the  ability  to: 

a.     Show  the  existence  of  magnetic  lines  of  force  around  a  magnet, 
b".     Demonstrate  that  magnetic  poles  can  attract  and  repel, 
c.     Construct  a  simple  electromagnet  and  check  its  operation. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your  in- 
structor when  they  should  be  completed.) 
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MAGNETISM 
UNIT  XIII 


ANSWERS  TO  TEST 


a. 

7 

e.  1 

i. 

6 

m. 

8 

b. 

3 

f.  9 

j. 

10 

c. 

12 

g.  11 

k. 

4 

d. 

13 

h.  r 

1. 

5 

a. 

1) 

The  earth 

2) 

Lodestone 

b. 

1) 

Electromagnets 

2) 

Permanent  magnets 

a. 

Electrical  coil  method 

b. 

Stroking  method 

a. 

L 

e.     N  i. 

L 

m. 

L 

q. 

H 

b. 

M 

f.      H  j. 

M 

n. 

L 

r. 

L 

c. 

H 

g.    N  k. 

N 

0. 

M 

s. 

M 

d. 

N 

h.     H  1. 

H 

p. 

N 

t. 

H 

5.  a,  b,  e,  h,  j 

6.  Discussion  should  include: 

a.  Left-hand  rule  for  conductors 

1)  Grasp  conductor  with  left  hand  as  shown,  making  sure  thumb  is  pointing 
in  direction  of  electron  flow  in  the  conductor 

2)  Direction  of  magnetic  field  flow  is  in  the  direction  of  the  four  fingers,  from 
large  knuckles  toward  fingertips 

b.  Left-hand  rule  for  coils 

1)  Grasp  the  coil  with  left  hand  as  shown  -^o  that  the  four  fingers  point  in  ? 
direction  of  electron  flow  thr  ugh  the  coiled  conductor 

2)  The  thumb  now  points  toward  the  nor^'^  pole  of  the  electromagnet 

7.  Discussion  should  include: 

a.  Method 

1 )  Place  iron  bar  in  vicinity  of  permanent  magnet 

2)  Do  not  allow  iron  bar  to  touch  magnet 
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b.  Effect 

1 )  Magnet'  :  fieM  lines  of  forc.e  flow  through  the  iron  b?r 

2)  The  iron  bar  becon.js  electromagnetizcd 

3)  Pole  polai.ty  is  rp"°rsed 

a)  End  of  bar  near  north  pole  of  magnet  becomes  south  pole  of  bar 

b)  End  of  bar  ner.  south  pole  of  magnet  becomes  north  pole  of  bar 

4)  "The  permanent  magnet  attr--Ts  the  iron  bar 

8.  Any  four  of  the  following: 

a.  Radio  and  television  transmission  and  reception 

b.  Transformers 

c.  Relays  and  solenoids 

d.  Coils,  chokes,  and  inductors 

e.  Audio  speakers  . 

f.  Motors  and  ge.ierators 

g.  Magnetic  memory 

9.  Performance  s'cills  :valuated  to  the  satisfaction  of  the  instructor. 
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MOTORS 
UNIT  XIV 


UNIT  OBJECTIVE 


ERIC 


After  completion  of  this  unit,  the  student  should  be  able  to  discuss  the  production  of  motor 
torque  and  factors  which  determine  motor  efficiency  and  calculate  motor  power  and 
efficiency.  The  student  should  also  be  able  to  produce  motor  action  from  a  current-carrying 
conductor  m  a  magnetic  field  and  calculate  horsepower  of  a  small  motor.  This  knowledge 
will  be  evidenced  by  correctly  performing  the  procedures  outlined  on  the  assignment  and 
job  sheets  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  motors  with  the  correct  definitions. 

2.  Discuss  the  direction  of  magnetic  field  flow  surrounding  a  conductor. 

3.  Select  true  statements  concerning  tlie  requirements  for  motor  action. 

4.  Discuss  the  production  of  motor  torque. 

I 

5.  List  methods  of  increasing  motor  torque. 

6.  Discuss  factors  which  determine  motor  efficiency. 

7.  State  the  formula  for  determining  motor  efficiency. 

8.  iJentify  basic  parts  of  a  DC  motor. 

9.  Determine  direction  of  induced  magnetic  fields,  induced  currents,  and  motor 
action  caused  by  induction. 

10.  Caicuhte  motor  power  and  efficiency. 

11.  Match  motor  torque  and  electron  flow  with  directional  arrows. 

1 2.  DeiTionstrate  the  ability  to: 

a.  Produce  motor  action  from  a  current-carrying  conductor  in  a  magnetic 
field. 

b.  Calcu'ate  horsepower  of  a  small  motor. 
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MOTORS 
UNIT  XIV 

SUGGESTED  ACTIVITIES 

Provide  student  with  objective  sheet. 

Provide  student  with  informatic    assignment,  and  job  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives.  ^ 

Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outline  in  job  sheets. 

Demonstrate  use  of  prony  brake  and/or  dynamometer  in  measuring  output  of 
horsepower  motors. 

Give  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1--Magnetic  Field  Around  a  Current-Carrying  Conductor 

2.  TM  2--Motor  Action 

3.  TM  3--Producing  Motor  Torque 

4.  TM  4--Methods  of  Increasing  Motor  Torque 

5.  TM  5-Prony  Brake 

6.  TM  6-Basic  DC  Motor 
0.    Assignment  sheets 

1.  Assignment  Sheet  #1-Determine  the  Direction  of  Induced  Magnetic 
Fields,  Induced  Currents,  and  Motor  Action  Caused  ^by  Induction 

2.  Assignment  Sheet  #2-Calculate  Motor  Power  and  Efficiency 

3.  Assignment  Sheet  #3'-Match  Motor  Torque  and  Electron  Flow  with 
Directional  Arrows 

5  JO 


E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1 -Produce  Motor  Action  From  a  Current-Carrying  Con- 
ductor in  a  Magnetic  Field 

2.  Job  Sheet  #2-Calculate  Horsepower  of  a  Small  Motor 

G.  Test 

1h.    Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics,  New  York:  McGraw-Hill  Book  Co. 

B.  Marcus,  Abraham  and  S.  C.  Gendler.  Basic  Electronics.  Eng\e\NOod  Cliffs 
NJ:  Prentice-Hall  Inc. 

C.  /[Rotors  and  Generators:  How  They  Work.  Indianapolis:  H.  W.  Sams  Co. 

D.  Fundamentals  of  Electricity.  Fort  SilP,  OK:  USA  Field  Artillery  School. 

E.  Basic  Electricity,  Washington,  DC:  USN  NavPers  10086A. 


t 

BE  -  515-C 


MOTORS  • 
UNITXIV 

INFORMATION  SHEET 

Terms  and  definitions 

A.  Horsepower-A  system  of  rating  motors;  the  rated  power 

B.  Motor-A  device  that  converts  electrical  energy  into  mechanical  energy 

C.  Motor  action-Bight  angle  movement  of  a  conductor  in  a  magnetic  field 

D.  Foot  pounds-Unit  of  measure  of  force 

E.  Torque-Force  in  a  rotational  direction 

F.  Prony  brake--An  instrument  for  measuring  torque 

G.  Armature-The  rotating  part  of  a  DC  motor 

H.  Field-The  magnetic  flux  in  a  motor 

I.  Commutator-A  cylinder  on  the  armature  of  two  or  more  se.^   '    !^  r-.,r 
nected  to  the  coils  of  a  motor 

J.     Brushes-Conductive  material  providing  electr  cal  connection  to  th   roiK  nf  - 
motor 

K.    Stator -Stationary  part  of  a  motor  housing  the  armatur  i 

L     Rotor-  Rotating  member  of  an  electrical  machine  that  Has  a  shaft 

Direction  of  magnetic  field  flow  surrounding  conductor  (Tram,  .rency  1 ) 

A.  Field  is  clockwise  v.hen  current  f'ows  toward  you 

B.  d  is  counterclockwise  when  current  flows  away  from  you 
Requirements  for  motor  action  (TrarsparGocy  2) 

(NC^E.  Thii  left  h:  -  '  rule  a  ,!''es  lO  motor  action.) 
A.     Magnetic  field 

1.  f/lagnetic  fir'  i  lines  alw  ./s  flew  from  north  to  south  poles 

2.  Magnetic  fieid  den  ity  ■  always  determined  by  field  strength,  that  is,  a 
strong  magnet  has  a  dRnse  field,  a  weak  magnet  a  weak  field 
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INFORMATION  SHEET 

B.  Conductor  field 

1'.   Conductor  field  distorts  magnetic  field 

(NOTE:  It  stretches  like  a  rubber  band.) 
2.    Resultant  magnetic  field  is  strongest  where  the  two  combine 

C.  Movement 

1 .  Conductor  moves  away  from  the  stronger  magnetic  field 

2.  Conductor  moves  at  right  angles  to  magnetic  field 
IV.       Producing  motor  torque  (Transparency  3) 

A.  Looped  wire  (coil)  afached  to  shaft 

B.  Mrignetic  field 

C.  One  Side  of  loop  forced  upward  and  other  side  downward 

(NOTE  A  currei^t-carrying  conductor  in  a  magnetic  field  ter."^*^  to  move 
at  right  angles  to  that  field.) 

D.  Result  is  rotational  action  (torque) 

'V.       Methods  of  increasing  motor  torque  (Transparency  4;. 
A.     Use  mo.e  than  orte  coil 
Decrease  air  rap  in  coils 

C.  Use  magnetic  m  jterial  (such  as  iron)  to  support  coils 

D.  Increase  coil  current 

E.  Increase  magnetic  fieM  sf  ength 

F.  Increase  lenrjth  of  coil 

Vl.       Factors  doterminin  j  motor  officii  ,icy 
A.     Input  power  (Pj) 

1 .  L'  ^=ally  measure.^  in  watts 

2.  Determined  by  multiplying  input  voltage  by  input  current  (E  x  I) 
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INFORMATION  SHEET 


VII. 


B.     Output  power  (Pq)  (Transparency  5) 

1 .  UsuaNy  measured  in  horsepower  (HP)  by  a  prony  brake 

2.  Convert  horsepov^er  to  watts  by  multiplying  by  746 
Example:  Pq  =  (HP  x  746)  watts 

Formula  for  determining  motor  efficiency •- 


Efficiency  (in  percent)     =    Output  Power   ^    100  or  _0   x  100 


Input  Power 


I 


(NOTE:  Be  sur^.that  output  power  and  input  power  are  measured  in  the  same 
units.) 

Example:  The  motor  in  Figure  1  has  an  efficiency  of  85% 
Figure  1 


Output 
2.5  hp 


Power  input  =  1 10V  x  20A  =  2200  watts 

Power  output  =  2.5  HP  x  746  watts 

1  HP 


0 


1 865  watts 
1865  watts 


Efficiency-     P,     x  100=    2200  watts      x  100  =  .8477  x  100  =  85% 
VII 1.       Basic  parts  of  a  DC  motor  (Transparency  6) 

A.  Field  magnets 

B.  Armature  (coil) 

C.  Commutator 

D.  Brushes 
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Magnetic  Field  Around  A 
Current-Carrying  Conductor 


Direction  of 
Current 


Conductor 


Head  of  an 
Arrow 


0  Magnetic  Field  About  a  Conductor 


Cross-Section  of 
Conductor  and 
Magnetic  Field 


DO 


CJl 
CO 

6 


Motor  Action 


I  Motor  Action 


Field  Distortion 
(Like  Rubber  Bands) 


Mc.iu;  Action 


CD 

m 


CO 

6 
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Methods  of  Increasing  Motor  Torque 


1    Use  More  Than  One  Coil 


2    Eliminate  Air  Core  Between  Coils  By 

Inserting  Magnetic  Material  Core  (Armature) 


Prony  Brake 


Friciion 
Adjustment 
\ 

0*2 


;1 


Torque 
Arm 


^^^^-^-^^^^F\)(e(\  Scale  Anchor 


Scale 

(Pounds)  (F) 


Vibration 
Filter 


Brake 
Blocks 
or  Band 

!^orce  Radius' 
D  in  Feet 


Tcque  =  FXD 


03 

m 


o 
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Basic  DC  Motor 


i--eld  Magnet 

/  Magnetic  Field  of  Coil 


Brushes 


Segment  Brush 


Commutator  Assembly 
5b*3 
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ASSIGNMENT  SHEET  #1-DETERMINE  THE  DIRECTION  OF  INDUCED 
.  MAGNETIC  FIELDS,  INDUCED  CURRENTS,  AND  MOTOR  ACTION 

CAUSED  BY  INDUCTION 


If  the  conductor  in  Figure  1  moves  upward,  which 
arrow,  a  or  b,  indicates  the  direction  of  the  in-  ^  r-  u 

duced  magrTHic  field?  ^  ^'^'^  Magnets 

FIGURE  1  ^ 

a.   (clockwise) 

b.   (counterclockwise) . 


If  the  conductor  in  Figure  1  moves  downward, 
which  arrow,  a  or  b,  indicates  the  direction  of  th  : 
induced  magnetic  field? 


a. 
b. 


In  Figures  2  and  3,  current  is  flowing  through  the 
conductor.  In  Figure  3,  in  which  direction  will 
the  conductor  move? 

Fr^URE  2 

a.   upward 


b. 


downward 


In  Figure  3,  in  v  hich  direction  will  the  conductor 
move? 


a. 
b. 


upward 
downward 


FIGURE  3 


In  Figure  4,  the  armature  coil  will  turn 

a.   _clockwise  FIGURE  4 

b.   counterclockwise 

In  Figure  5,  the  armature  roi!  will  turn 

a.   clockwise 

b.  counterclockvyise 


Cor.ductcr 
(Nc  current  flow! 


Conductor 


-c 


ASSIGNMENT  SKEET#1 


7.  In  Figures  4  and  5,  if  the  current  through  the  annature 
coil  is  increased,  the  speed  of  rotation 
of  the  coil  will 

FIGURE  5 

decrease 


a. 


b. 


c. 


remain  the  same 
increase 


Armature  Coil 


8.    In  Figures  4  and  5,  if  additional  loops  are  added 

to  the  armature  coil,  the  speed  of  rotation  of  the  <<^ 
armature  will  jf<<^ 


a. 


b. 


decrease 


increase 


remain  the  same 
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ASSIGNMENT  SHEET  #2-CALCULATE  MOTOR  POWER  AND  EFFICIENC  / 

> 

1.  Convert  the  following  motor  inputs  (voltage/current)  to  input  power  (watts), 
a.     Input  voltage  -  1 15  volts  b.     Input  voltage  -  230  volts 

Input  current  -  10  amps  Input  current  --  25  amps 

Input  power  -  watts       Input  poWer  -   vatts 

2.  Convert  the  following  motor  outputs  (horsepower)  to  output  power  (watts): 
a.     Motor  output  --  7  hp  b.     Motor  output  --  3.5  hp 

Output  power   watts  Output  power  -  watts 

3.  Calculate  the  efficiency  of  the  following  motors: 

a.     Input  power -- 2200  watts  b.     Input  power -- 1500  watts 

Output  power  --  1500  watts  Output  power  --  1000  watts 

Efficiency  %  [Efficiency    % 

4    Calculate  the  efficiency  of  the  motors  shown  below: 


a. 


l=20A 


Ea-  220  V 


MOTOR 


Power  Output 
5  hp 


Efficiency  - 


b. 


I=25A 


MOTOR 


[  r    &     Power  Output 


Efficiency  = 


ASSIGNMENT  SHEET  "#2 

A  3-hp  frotor  has  ?.n  efficiency  rating  of  80%  and  operates  with  110  volts  input. 
How  much  curr.nt  (to  nearest  amp)  will  it  draw  at  full  load?  amos 


Whv-n  operatin^j  at  full  load,  a  75%  efficient  motor  draws  20  amps  from  a  220-volt 

source.  What  is  tht  motor's  horsepower  rating?   hp  (to  the  nearest 

tenth; 
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ASSIGNMENT  SHEET  #3-MATCH  MOTOR  TORQUE  AND  ELECTRON  FLOW 

WITH  DIRECTIONAL  ARROWS 


Directions:  Match  the  mot'bV  torque  and  electron  flow  directional  arrows  in  the  right  col 
umn  with  the  proper  items  in  the  left  column. 


a.  Figure  1 ,  movement  of  conductor  A 

b.  Figure  1 ,  movement  of  conductor  B 
Figure  1 ,  direction  of  loop  rotation 
Figure  2,  movement  of  conductor  A 
Figure  2,  movement  of  conductor  B 

f.  Figure  2,  direction  of  loop  rotation 

g.  Figure  3,  direction  of  electron  flow,  conductor  A 

h.  Figure  3,  direction  of  eleci  i  un  flow,  conductor  B 


Rotation 


1 .  Clockwise 
rotor  ro- 
tation 


Downward 
movemen 


6, 


Right  move 
movement 

Counterclock 
wise  rotor 
rotation 

Left  move- 
ment 

Upward  move- 
ment 
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ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Slieet  #1 


1. 

a 

2. 

b 

3. 

b 

a 

5. 

a 

6. 

a 

7. 

c 

8. 

b 

Assignment  Sheet  #2 

1.  a.      1150  watts 
b.     5750  watts 

2.  a.     5222  watts 
b.     2611  watts 


3.   a.  68% 

b.  67% 


5.  25  3'>^^\)S> 

6.  4.4  h\) 
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JOB  SHEET  ^1  PRODUCE  MOTOR  ACTION  FROM  A  CURRENT  CARRYIN 
CONDUCTOF^  IN  A  MAGNETIC  FIELD 

Tools  anci  materials 

A.  Two  bar  magnets 

B.  11/2  volt  dry  eel' 

C.  2  Unn  of  stranded  ^26  co[)per  wire 

D.  Switcli 


II.       Procr.  iure 

A.  Set  u\^  tfie  exf)erinient  as  sliown  in  Figure  1 
FIGURE  1 
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Make  sure  the  magnets  are  aliqned  with  opposite  poles  facing  each  other 

Position  the  .vire  between  the  m:-^gnets  so  that  it  is  in  the  center  of.  and 
per[)endicuicu  to  the  magnetic  field  between  the  two  opposite  poles 

Close  tfie  switch  and  reopon  after  one  second 

(NOTE:  The  wire  jumps  when  the  switch  is  closed  and  returns  to  its  original 
.  position  when  the  switch  is  reopened.) 

Turn  one  magnet  around  so  that  like  poles  are  facing  each  other 
Close  the  switch  and  reopen  after  one  second 
'NOTE :  The  wire  does  not  move.) 

Reverse  one  of  the  magnets  so  that  opposite  poles  again  face  each  other 
Close  ne  switch  and  reof)en  after  one  second 

(NOTE:  The  wire  jumps  when  fhe  switch  is  closed,  but  in  the  opposite 
direction  of  mdvement  in  stef)  D.  "  returns  to  its  original  position  when  the 
switc'i  IS  reopened.) 

Draw  an  arrow  on  Figure  3,  around  tfie  conductor  wfiere  it  passes  between 
the  macjnots,  to  show  the  direction  of  the  magnetic  lines  of  the  conductor 

(NOTE :  The  following  cHiestions  may  t)e  used  for  discussion: 

1.  Wir,  did  the  wire  jump  vvhen  the  switch  was  closed  in  steps -D  and 

W 

2.  Why  did  the      rf^  not  move  when  the  switch  was  closed  in  step  F? 

•3.    In  whicfi  direction  did  tiie  wire  niovt-  when  the  switcfi  was  closed 

in  strp  VVhy^ 

•1.    In  whicfi  direction  did  tfic  wire  movf^  vvinin  the  AMtch  was  closed 

in  step  VVhy^) 


Bt  541-C 


MOTOr^S 
UN!  r  XIV 


JOB  ShfF.-T  -2  Cr'L.CULATF  IHORSEPOWFR  Or  A  SMALL  MOTOR 


Tools  and  niaterials  ' 

A.  small  12V  DC  niotor  (hobby  lvf)e) 

B.  1  2V  DC  power  supfi'ly 

C.  SPST  switch 

D.  Multimeter 

E.  .  Millianimeter 
Procedure 

A.     ^'onnect  tfie  motor  and  rhetors  as  sfnnvn  in  the  followirK]  scfieiTiatic 


B.  Afli'JSi   Mm!  [)(.Aver  suffjiy   for    l7V      J  tout  js  i:.  .  ;;.  -jfi  (jn  if^t'  vf)!u^ 

C.  \  CloSf  ■  ■  .'I  swi li:h 

•  R^Mdjust  the  !K)W(^r  sljfi|ijy  :f  r'.fM:ess::r  y  Tof  12V  output 

F-  Rf^ad  :Pd  rfr.ofd  ih(:Ci;rr<MM  r^'fj^Jirf-d  'iv.  t^^'-  fnutof  u:^!'".  tiv..'  load 

^  ■'^0[)^y  in."  to  ^r^ulo'   by  (jraMnn-;  shLitt  \-"\\'jrj'\\  th:t';;b  cjnd  hfi{]r''  !>•.'  jo 

■  rujt  st()[)  tl>-  motor  ' 

''d.  Rv,i(l   .I'uj   mwm'a]   \h^.  vo'tarjL'  lopi;-   and   th*?  ciKo.'.it   in  put   t(;  mottj' 
under  tf^is  load  conddion 


Current 


Voltaqe 


H.  .    A'^^;;nu?  'a  motor  0*  100^3  efficiency  ifuj  c  <!i:ulate  tfie  f  ^   v^ad  fiorsepowe^r 
'Str?p  E)  and  the  load  iujrsepower  (Stef)  G) 


HP 


(No  load) 


HP 


(Load) 
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(NOTE  :  The  followiruj  questions  fTiay  he  ..s-d  for  discLiSSio.'i 

1.  is  there  a  ciiffertMKe  [)et\\een  no  loiui  and  ;o3(l  \\P  Cci 

2.  Old   !fi(?  if^ipiit  voitaqe  M2VM  cbiimu]  Vvfi--'  rh.:^  "^q 

3.  Thi?  jol)  fneasures  Th«^  i!};)nT  Do-.v-r   D  -a-  .\s  'U).v 
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MOTORS 
UNIT  XIV 

NAME 

TEST 


Match  the  terms  on  the  right  with  their  correct  definitions. 


_a.  A  system  of  rating  motors;  the  rated 
power 


1. 

Motor  action 

2. 

Horsepower 

3. 

Torcjue 

A 

H . 

Armature 

5. 

Prof^y  [)rake 

6. 

Rotor 

7. 

Motor 

8. 

Sruslies 

9. 

Field 

10. 

Stator 

11. 

CofTifTiutcitor 

12. 

Foot  [)ounds 

 A  device  that  converts  electrical  energy 

into  fnecluinical  enf^rgy 

 Riqht  anfjlfj  rTiovenitMit  of  a  conductor  in 

a  magnetic  field 

 J^-  Unit  of  measure  of  force 

 e.  Force  in  a  rotational  direction 

 ^-  An    instrument    for    fTioasurincj  torcjue 

 9-  Tfie  rotatinq  part  of  a  DC  motor 

.  ^1-  The  rtiagnetic  flux  in  a  fiiotor 

 >•    A  cylinder  on  the  armature  of  two  or 

n^ore  segments  connected  to  the  coils  of 
a  motor 

i-    Conductive  material  providmg  electrical 
connection    to    tlie  coils  of  a  motor 

 Stationary  part  of  a  motor  housing  the 

armature 

 Rotating  meml)er  of  an  electrical  ma 

chine  that  has  a  siiaft 

Discuss  Ifie  direction  of  magnetic  field  flow  surrounding  a  conductor. 

a. 

b. 

Select  true  statements  concerning  the  requirements  for  motor  action  by  placing  an 
in  the  appropriate  blanks.  j 

.  3-   Magnetic  field  lines  always  flow  from  south  to  north  poles 

 ^-  Magnetic  field  density  is  always  determined  by  the  field  strength 

 The  conductor  field  distorts  the  magnetic  field  * 
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 The  resultant  magnetic  field  is  weakest  where  the  two  combine 

 e.  Conductor  moves  away  from  the  stronger  magnetic  field 

 f.   Conductor  moves  at  180°  angles  to  the  magnetic  field 

4.    Discuss  tfie  production  of  motor  torque. 


5.  List  four  methods  of  increasing  motor  torque. 

0. 

c. 

d. 

6.  Discuss  factors  which  determine  motor  efficiency. 


7,   State  The  formula  for  determining  motor  efficiency. 


o 
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8.    Identify  basic  parts  of  a  DC  motor. 


9.  Determine  the  direction  of  induced  magnetic  fields,  indu-ed  currents,  and  motor 
action  caused  by  induction. 

10.  Calculate  motor  power  and  efficiency. 

1 1 .  Match  motor  torque  and  electron  flow  with  directional  arrows. 

12.  Demonstrate  the  ability  to: 

a.  Produce  motor  actio-i  from  a  current-carrying  conductor  in  a  magnetic  field. 

b.  Calculate  horsepower  of  a  small  motor. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 


MOTORS 
UNIT  XIV 


ANSWERS  TO  TEST 


a. 

2 

e. 

3 

i.      1 1 

b. 

7 

f. 

5 

]•  8 

c. 

1 

g- 

4 

k.  10 

d. 

12 

h. 

9 

1.  6 

Discussion  should  include: 


a.  Field  is  clockwise  when  current  flows  /oward  you 

b.  Field  is  counterclockwise  when  currer/'t  flows  away  from  you 

o,  c,  e  / 
Discussion  should  include: 

a.  Looped  wire  attached  to  shaft 

b.  Magnetic  field 

c.  One  side  of  loop  forced  upwaro  and  other  side  downward 

d.  Result  is  rotational  action 


Any  four  of  the  following: 

a.  Use  more  than  one  coil 

b.  Decrease  air  gap  in  coils/ 

c.  Use  magnetic  material  J'o  support  coils 

d.  Increase  coil  current  / 

e.  Increase  magnetic  fi^^d  strength 

f.  Increase  length  of  c/il 

Discussion  should  inck/cie: 

a.  Input  power  (P/; 

1 .  UsuallvA/neasured  in  watts 

2.  Deter/iined  by  multiplying  input  voltage  by  input  current  (E 

b.  Output^/ower  (Pq) 

1 .  /'Usually  measured  in  horsepower  by  a  prony  brake 

2.  Convert  horsepower  to  watts  by  multiplying  by  746 

Efficiency  (in  percent)  =  Output  powerx  100  or  Pq  x  100 

Input  pr/vver  p-- 
^1 

a.  Field  magnets 

b.  Armature  or  coll 

c.  Commutator 

d.  Brushes 
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9.  Evaluated  to  the  saristaction  of  the  ,i  sti 

10.  Evaluated  to  the  satisfaction  of  the  instructc , 

1 1 .  Evaluated  to  the  satisfaction  of  the  instructor 

12.  Performance  skills  evaluated  tc  the  satitifactir*'  of  the  instructor. 
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THE  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  determine  sine  wave  relation- 
ships and  conversions,  and  compute  instantaneous  sine  wave  values,  periods  and  wave- 
lengths. The  student  should  also  be  able  to  construct  a  sine  wave  cvcle.  This  Knowledge  will 
be  evidenced  by  correctly  performing  the  procedures  outlined  on  the  assignment  and  job 
sheets  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  the  nature  of  alternating  current  to  correct  defin- 
itions, 

2.  Select  true  statements  regarding  sine  wave  relationships. 

3.  Complete  a  sine  wave  value  conversions  chart. 

4.  Match  the  abbreviations  with  the  correct  descriptions  of  terms  relating  to  alter- 
nating current  waves. 

5.  List  the  formulas  used  to  compute  instantaneous  values  of  voltage  and  cur- 
rent. 

6.  Match  sine  functions  with  commonly  used  values. 

7.  Distinguish  between  audio,  sonic,  radio,  and  ultrasonic  frequencies. 

8.  Select  true  statements  regarding  frequency,  period,  and  wavelength. 
9-   Determine  sine  wave  relationships. 

10.  Determine  sine  wave  conversions. 

1 1 .  Compute  instantaneous  sine  voltage  values. 

12.  Compute  period  and  wavelength. 

13.  Oemonstrate  the  ability  to  construct  a  sine  wave  cycle. 
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THE  NATURE  0^^  ALTERNATING  CURRENT 
UNIT  I 


SUGGESTED  ACTIVITIES 
I.       Provide  student  with  objective  sheet. 

II.       Provide  student  with  information,  assignment,  and  job  sheets. 
.'II.       Make  transparency. 
IV  .       Discuss  unit  and  specific  objectives. 

V.       Discuss  information  and  assignment  sheets. 

VI.       Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 
VII.       Display  and  discuss  the  frequency  spectrum. 
VIII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  Master  #1  -Sine  Wave  Relationships 

D.  Assignment  sheets 

1 .  Assignment  Sheet  #1  -Determine  Sine  Wave  Relationships 

2.  Assignment  Sheet  #2--Determine  Sine  Wave  Conversions 

3.  Assignment  Sheet  #3 -Compute  Instantaneou:  Sine  Voltage  Values 

4.  Assignment  Sheet  #4-Compute  Period  and  Wavelength 

E.  Answers  to  assignment  sheets 

F.  Job  Sheet  #1 -Construct  a  Sine  Wave  Cycle 

G.  Test 

H.  Answers  to  test 

II.       References-Grob,  Bernard.  Sasic  Electronics.  5th  'id..  New  York*  McGraw- 
Hill  Book  Co.,  1977. 
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THE  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 

INFORMATION  SHEET 

Terms  and  definitions 

A.  Alternation-Moving  from  zero  to  a  maximum  (or  minimum)  and  back  to 
zero 

(NOTE:  One  complete  cycle  of  AC  has  two  alternations.) 

B.  Amplitude  -The  magnitude  of  voltage  or  current  at  a  specific  time 

C.  Cycle  -The  series  of  values  of  a  periodic  quantity  that  occurs  during  one 
period 

(NOTE:  One  cycle  is  one  complete  set  of  positive  and  negative  values  of  an 
alternating  current.) 

D.  Frequency-  Number  of  cycles  completed  in  one  second 

E.  Period  -Time  required  to  complete  one  cycle 

F.  Hertz  -The  measure  of  frequency  equal  to  the  number  of  cycles  per  second 

G.  Electrical  degree"1/360th  of  a  cycle 

H.  Radian  -Angular  part  of  a  circle  or  cycle  which  includes  an  arc  equal  to  the 
radius 

(NOTE:  360  degrees  equals  2  n  radians-thus,  1  radian  equals  57.3  degrees.) 
[.      Peak  amplitude--Maximum  value  of  an  alternation 
J.     Sine  wave  average  value -.637  times  the  peak  value 

(NOTE :  Average  value  of  a  complete  sine  wave  cycle  is  zero.) 
K.    Sine  wave  effective  value -707  times  the  peak  value 

(NOTE:  This  is  the  value  of  AC  equal  to  its  DC  equivalent  value.) 
L,     Sine  wave  RMS  (rool-mean-square)  value-  Equals  the  effective  value 
M.    Peak-to  peak  value -Twice  the  peak  or  maximum  value  of  an  alternation 
N.     Wavelength-Distance  a  wave  travels  in  one  cycle 


INFORMATION  SHEET 


Sine  wave  relationships  (Transparency  1 ) 
A.     Degrees  and  radians  (conversions) 

1 .  2  TT  radians  equals  360  degrees 

2.  TT  radians  equals  180  degrees 

3.  7r/3  radians  equals  180/3  degrees  or  60  degrees,  thus  7r/n  radians  equals 
180/n  degrees 


3. 
C. 

D. 
E. 


G. 


Cycles  and  radians-One  cycle  equals  2  tt  radians 

Alternation  and  radians  -One  alternation  equals  tt  radians 

Alternation  and  degrees-  One  alternation  equals  180  degrees 

Alternation  peak  value-Equals  the  maximum  value  during  a  positive  alterna- 
tion and  the  most  minimum  value  during  a  negative  alternation 

Effective  value  and  peak  value-  The  effective  value  is  obtained  by  multiply- 
ing the  peak  value  by  .707 

Peak-to-peak  value  and  peak  value  -The  peak-to-peak  value  equals  two 
times  the  peak  value 


Sine  wave  value  conversions 


FROM 

TO 

EFFECTIVE 

AVERAGE 

PEAK 

PEAK-TO-PEAK 

EFFECTIVE  (RMS) 

1.0 

0.900 

1.414 

2.828 

AVERAGE 

1.1 10 

1.0 

1.571 

3.142 

PEAK 

0.707 

0  .637 

1.0 

2.000 

PEAK-TO-PEAK 

0.354 

0.318 

0.500 

1.0 

Abbreviations  of  terms  relating  to  alternating  current  waves 


"max 


Maximum  voltage 


^-     'r^ox.  ^  Maximum  current 

m  dX 

C.  e=  Instantaneous  value  of  voltage 

D.  i  =  Instantaneous  value  of  current 

E.  E  =  RMS  or  effective  value  of  voltage 

F.  I  ^  RMS  or  effective  value  of  current 
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G.  T  or  t  =  Time  (used  with  period) 

H.  X  =  Wavelength 
I-  f  =  Frequency 
J.  Hz  =  Hertz 

Formulas  to  compute  instantaneous  voltage  and  current  values 

^'  ^  ^  ^max      ^  (where  0  is  the  angular  displacement) 

^-  '  =  'max^i^« 

Commonly  used  values  and  sine  function 

A.  SinO°  =  0 

B.  Sin  30°=  .5 

C.  Sin  45°=  .707 

D.  Sin  60°=  .866 

E.  Sin  90°  =1 

F.  Sin  180°  =  0 

G.  Sin  270'  =  -1 

H.  Sin  360°  =  0 

(NOTE.  Sin  360°  =  Sin  0°.) 
Frequency  groupings 

A.  Audio 

1 .  Frequencies  corresponding  to  normally  audible  sound  waves 

2.  Frequencies  range  roughly  from  15  Hz  to  20,000  Hz 

3.  Electrically  produced 

B.  Sonic 

1 .  Frequencies  corresponding  to  normally  audible  sound  waves 

2.  Frequencies  range  roughly  from  15  Hz  to  20,000  Hz 

3.  Mechanically  produced 
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C.  Radio 

1.  Frequencies  above  the  audio  range 

2.  Frequencies  range  roughly  from  10  KHz  to  100,000  MHz 

3.  Electrically  produced 

D.  Ultrasonic 

1.  Frequencies  above  the  audio  or  sonic  range 

2.  Mechanically  produced 
Frequency,  [)eriod,  and  wavelength 

A.  Relationships  given  by  formula  T  -  l/f  (or  f  -  1 /T)  where  T  is  time  in 
seconds  of  a  nrriod,  and  f  is  frequency  in  hertz 

B.  Velocity  of  transmission  (v) 

1.  Electrical  waves  travel  faster  than  sound  wav9b 

(NOTE;  Electrical  waves  travel  approximately  at  the  speed  of  light; 
180,000  miles  per  hour  or  300.000  kilometers  per  second.) 

2.  Sound  waves  travel  much  slower  than  do  electrical  waves 

(NOTE:  Sound  waves  travel  approximately  at  760  miles  per  hour  or 
332  meters  per  second  in  air.) 

C-     Wavelength  (A)  equals  the  velocity  divided  by  the  frequency  in  hertz   (v  ) 

thus,  wavelengtfi  varies  directly  with  velocity  and  wavelength  varies  inversely 
with  frequency 


Sine  Wave  Relationships 


One  Cycle 


Period  (Tinnej 


THF  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 

ASSIGNMENT  SHEET  ^-DETERMINE  SINE  WAVE  RELATIONSHIPS 

°earees_  Radians 

a.  360 

b.  .  90 


c.  60 

d.  45 


e. 
f. 


u 

n 


9-   2n 

^-   n/2 

One  cycle  equals  radians. 

-  radians  equals  one  alternation. 

One  alternation  equals  degrees. 

Describe  the  peak  value  of  a  sine  wave. 

The  effective  voltage  or  rms  voltage  equals  times  the  peak  value. 

What  is  the  difference  between  peak  value  and  peak-to-peak  valued 
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UNIT  I 


ASSIGNMENT  SHEET  2 -DETERMINE  SINE  WAVE  CONVERSIONS 


An  oscilloscope  shows  that  the  peak  voltage  value  of  an  AC  wave  is  155.6  volts.  What  is 
the  voltage  that  would  be  read  on  the  AC  scale  of  a  multimeter  (i.e.,  RMS  voltage 
value)? 

Answer:_  

If  your  voltmeter  reads  25  volts  (effective  value),  what  would  be  the  peak  voltage 
shown  on  an  oscilloscope  (peak  value)? 

Answer:  

in  problem  2,  what  would  the  peak-to-peak  voltage  be? 


If  the  peak  value  of  a  sine  wave  is  100,  tfie  average  value  of  one  alternation  is 


THE  NATURE  OF  ALTE 
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ASSIGNMENTSHEET3-C0MPUTE  INST 

Using  the  formula  e  =  E  sin  0.  compute  ti 
has  a  maximum  value  of  90  volts  for  the  follow 

1.  30°,  e  =  

2.  45°,  e  -  

3.  60°,  e  =  

4.  90°,  e  =  " 

5.  270°,  e  =  

6.  2  TT,  e  = 

7.  TT,  e  = 

8.  (7r/2),e  =  

9.  (3  7r/4),e  =  

10.  (4  7r/3),3  = 


THE  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 

ASSIGNMENT  SHEET  4-COMPUTE  PERIOD  AND  WAVELENGTH  , 

Directions:  Formulas: 

T=  1 
f 

f  =  1 
t 

A=  _v_  =_v_    or  vt 
f  1/t 

d 

(NOTE:  Radio  waves  have  a  velocity  of  3  >,    J^^  cm/s  or  186,000  miles/s.) 

1.  How  much  time  is  required  for  a  60  cycle  per  second  (CO  Hz)  voltage  to  complete 
one  cycle?  seconds.  ■ 

2.  If  one  cycle  requires  1 /400th  of  a  second,  the  frequency  is  Hz. 

3.  If  you  increase  frequency,  the  time  required  for  one  cycle  will  (increase)  (decrease). 

4.  A  radio  station   transmits  on  a  frequency  of  780  kilohertz.  The,  wavelength  is 

5.  Some  amateur  radio  operators  have  transmitter:  operating  in  the  10-meter  band. 
Approximately  what  frequency  are  they  using? 

Answer:  

6.  A  radio  amateur  operating  on  a  wavelength  of  80  meters  is  transmitting  at  a  (higher) 
(lower)  frequency  than  one  operating  on  20  meters. 

7.  A  100  MHz  wave  has  a  wavelength  of  cm. 

8.  If  you  increase  frequency,  the  wavelength  is  (increased)  (decreased). 

9.  3x  10^^  cm/s  equals^  meters  per  second. 

10.    186,000  miles  per  second  equals  miles  per  hour. 
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Assignment  Sheet  #1 


a.  27r  2.  27r 

b.  7r/2  3,  TT 

c.  7r/3  4.  180 

^-  5.  The  maximum  value  during  one  alternation 

e.  0  or  360  6.  .707 

^-  180  7.  Peak  value  is  one  half  the  peak  to  peak  value 

g.  360 

h.  90 


Assignment  Sheet  #2 

1.  110  volts 

2.  35.35  volts 

3.  70.7  volts 

4.  63.7 

Assignment  Sheet  #3 


1 .  45  (All  units  are  volts) 

2.  63.64 

3.  77.94 

4.  90 

5.  -90 

Assignment  Sheet  #4 


6. 

0 

7. 

0 

8. 

90 

9. 

63.64 

10. 

■77,94 

1.  1/60  second 

2.  400  Hz. 

3.  decrease 

4.  3.846  X  10^ 

5.  30  MHz. 


cm.  (or  eciuivalent) 


6.  lower 

7.  300 

8.  decreased 

9.  3  X  10^ 

10.  6.696  X  10^  (or669,600,000> 
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THE  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 

J0BSHEET#1-C0NSTRUCT  ASINE  WAVE  CYCLE 

I.       Tools  and  materials 

A.  Graph  paoer 

B.  Compass 

C.  Protractor 

D.  Ruler 

E.  Calculator  (or  square  root  tables) 
II.  Procedure 

A.  Draw  a  circle  with  a  radius  of  10  graph  paper  units  on  the  extreme  left  side 
of  your  graph  paper 

B.  Draw  the  diameter  of  the  c.rcle  and  extend  it  across  the  graph  paper 

C.  Draw  the  tangent  to  the  circle  on  thr  .  ight  end  of  the  diameter  line 

D.  Mark  off  15  degree  increments  from  zero  to  SdO  degrees  letting  the  diameter 
line  be  the  zero  degree  mark  (Figure  1 ). 


Q 

30      60      90     120    150    180    210    240   270    300    330  36P 

 '  *  '  *  '  '  '  '  '  1  1  1  1  1  1  1  »      '        1        1        1        1        i  1 

U      45      75     105     135    165    195     225    255    285    315  345 

FIGURE  1 


E.  Use  your  protractor  and  mark  off  the  upper  half  of  your  circle  in  15  degree 
increments. 

(NOTE:  Carefully  mark  the  intersection  of  each  15  degree  lino  and  the 
circle.) 

F.  Measure  the  vertical  distance  from  the  base  line  to  the  15-degree  line  inter- 
section with  your  compass  and  transfer  this  distance  to  the  15  degree  mark 
to  the  right  and  repeat  for  each  15  degree  mark 
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Make  a  table  of  the  degrees  versus  the  vertical  distances  letting  the  maximum 
vertical  distance  be  one. 

{NOTE:  All  other  distances  will  be  less  than  one,  and  one  is  at  the  90  degree 
position.) 

Make  a  smooth  curve  between  the  points  plotted  to  the  right  of  the  circle 
(NOTE:  This  will  be  the  graph  of  a  sine-wave  cycle.) 

Compute  the  average  vertical  height  of  one  alternation  by  adding  the  heights 
you  have  in  one  alternation  and  dividing  by  the  number  of  heights 

Use  the  table  and  square  each  height,  then  compute  the  average  of  these 
squared  heights 

(NOTE:  Add  all  the  squared  heights  and  divide  by  the  number  you  have.) 

Calculate  the  square  root  of  the  average  squared  height  obtained  in  Step  J 
which  vyill  result  in  the  RMS  valuG 

(NOTE :  Use  your  calculator  or  use  a  square  root  table.) 

Discuss  with  your  instructor  fiow  your  computations  compare  with  an  AC 
voltage  having  a  maximum  value  (peak  valu  j)  of  one  volt 
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NAME  

TEST 

1 .  Match  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Equals  the  effective  value 

 b.  Maximum  value  of  an  alternation 

 ^c.  The  measure  of  frequency  equal  to  the 

number  of  cycles  per  second 

 d.  The  series  of  values  of  a  periodic  quan- 
tity   that   occurs   during   one  period 

 e.  Moving  from  zero  to  a  maximum  (or 

minimum)  and  back  to  zero 

 f.    Number  of  cycles  completed  in  one 

second 

 g.  Angular  part  of  a  circle  or  cycle  which 

includes  an   arc   equal  to  the  radius 

 h.  .707  times  the  peak  value 

 i.    Distance  a  wave  travels  in  one  cycle 

 ^j.    The  magnitude  of  voltage  or  current  at  a 

specific  time 

 k.  Time  required  to  complete  one  cycle 

 I.   Twice  the  peak  or  maximum  value  of  an 

alternation 

 m.  1 /360th  of  a  cycle 

 n.  .637  times  the  peak  value 

2.  Select  true  statements  regarding  sine  wave  relationships  by  placing  an  "x"  in  the 
appropriate  blanks. 

 a.  The  alternation  peak  value  equals  the  maximum  value  during  a  positive 

alternation  and  the  most  minimum  value  during  a  negative  alternation 

 b.  One  cycle  equals  2  tt  radians 

 c.  One  alternation  equals  tt  radians 

 d.  7r/4  radians  equals  180  degrees 
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1  . 

A  1  tprnat  inn 

rA  1  LCI  1  1  a  L i  1 

2. 

Amplitude 

3. 

Cycle 

4. 

Frequency 

5. 

Period 

6. 

Hertz 

7. 

Electrical  degree 

8. 

Radian 

9. 

Peak  amplitude 

10. 

Sine  wave 

average  value 

11. 

Sine  wave  effec- 

tive value 

12. 

Sine  Wave  RMS 

(root-mean-square) 

value 

13. 

Peak-to-peak  value 

14. 

Wavelength 

_^e.  TT  radians  equals  180  degrees 

J.   One  alternation  equals  360  degrees 


 g.  The  peak  value  is  obtained  by  multiplying  the  effective  value  by  .707 

 h.  The  peak-to-peak  value  equals  two  times  the  peak  value 

J.   Complete  the  following  chart  on  sine  wave  value  conversions. 


FROM 

TO 

EFFECTIVE 

AVERAGE 

PEAK 

PEAKTOPEAK 

EFFECTIVE  (RMS) 

1.0 

0.900 

c. 

e. 

AVERAGE 

1.110 

1.0 

1.571 

3.142 

PEAK 

a. 

b. 

1.0 

2.000 

PEAKTOPEAK 

0.354 

0.318 

d. 

1.0 

Match  the  abbreviations  relating  to  alternating  current  waves  to  the  correct 
descriptions. 


a.  Wavelength 

_b.   Instantaneous  value  of  current 


1.  E. 


"max 


_c.  Hertz 

_d.  RMS  or  effective  value  of  current 

_e.  Maximum  current 

f.  Frequency 

_g.  Maximum  voltage 

_h.  Instantaneous  value  of  voltage 

_i.  RMS  or  effective  value  of  voltage 

J.  Time  (used  with  period) 


2.  I 

max 

3.  e 

4.  i 

5.  E 

6.  I 

7.  Tort 

8.  X 

9.  f 
10.  Hz 
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List  the  formulas  used  to  compute  instantaneous  values  of  voltage  and  current. 

a.  e  ^  

b.  i  -  
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6.   Match  commonly  used  values  on  the  right  to  the  correct  sine  functions. 


(NOTE: 

Some  answers  will  be  used  more  than  once.) 

a. 

Sin  0° 

1. 

0 

b. 

Sin  30° 

2. 

1 

c. 

Sin  45° 

3. 

1 

d. 

Sin  60° 

4. 

.5 

e. 

Sin  90° 

5. 

.866 

f. 

Sin  180° 

6. 

.707 

g- 

Sin  270° 

h. 

,  Sin  360° 

7,  Distinguish  between  audio,  sonic,  radio,  and  ultrasonic  frequencies  by  placing  an  "a" 
next  to  the  audio,  an  "s"  next  to  the  sonic,  an  'V'  next  to  the  radio,  and  a  "u"  next  to 
the  ultrasonic  descriptions  of  frequencies. 

(NOTE:  Some  descriptions  will  apply  to  more  than  one  frequency.) 

 a.   Frequenc  s  range  roughly  from  15  Hz  to  20,000  Hz 

 b.   Frequencies  above  the  audio  or  sonic  range 

 c.   Electrically  produced 

 d.   Frequencies  above  the  audio  range 

 e.   Mechanically  produced 

 f.    Frequencies  range  roughly  from  10K[\^  to  100,000  MHz 

 g.    Frequencies  corresponding  [o  normally  audible  sound  waves 

8.  Select  the  true  stdtements  regarding  frecjuency,  [period,  and  wavelength  liy  [placing  an 

X"  in  the  appro[Miate  blanks. 

 a.  Frecjuency  aficl  tn^ie  vary  inversely  with  each  other 

 h.  Sound  waves  travel  at  higher  velocities  than  do  electrical  waves 

 __c.  VVavelefifjth  equals  velocity  divided  ijy  frequeficy 

 d.  Wavelength  varies  inversely  witfi  frequency 

 e.  ^'Vavelength  varies  inversely  witii  velocity 

EKLC 


Determine  sine  wave  relationships. 

Determine  sine  wave  conversions. 

ComDUte  instantaneous  sine  values. 

Compute  period  and  wavelength. 

Demonstrate  the  ability  to  construct  a  sine  wave  cycle. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  ask  vour 
instructor  when  they  should  be  completed.)  ' 
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THE  NATURE  OF  ALTERNATING  CURRENT 
UNIT  I 


ANSWERS  TO  TEST 


1 

1  . 

d . 

1  9 

h 

1 1 

b. 

9 

j  _ 

14 

c. 

6 

j- 

2 

d. 

3 

k. 

5 

6. 

1 

1 

1  o 

f. 

4 

m. 

7 

g. 

8 

n. 

10 

2. 

a,b, 

c,  e,  h 

<-> 

3. 

a. 

0.707 

D. 

0.637 

C. 

1.414 

d. 

0.500 

e. 

2.828 

4. 

a. 

8 

f. 

9 

b. 

4 

g- 

1 

c. 

10 

h. 

3 

d. 

6 

5 

e. 

2 

j. 

7 

5. 

a. 

e  =  E  _ 

sin  0 

max 

b. 

'  'max 

sin  0 

6. 

a. 

1 

e. 

2 

b. 

4 

f. 

1 

c. 

6 

g- 

3 

d. 

5 

h. 

1 

7. 

a. 

a,  s 

e. 

S,  I 

b. 

LI 

f. 

r 

c. 

a,  r 

g. 

a, : 

d. 

8.  a,c,  d 

9.  Evaluated  to  tlie  satisfaction  of  the  instructor 

10.  Evaluated  to  the  satisfaction  of  the  instructor 

1 1 .  Evaluated  to  the  satisfaction  of  the  instructor 

12.  Evaluated  to  the  satisfaction  of  the  instructor 

13.  Performance  skills  evaluated  to  ^he  satisfaction  of  the  instructor 
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AC  GENERATION 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  concern- 
ing electromagnetic  induction,  generating  voltage  electromagnetically  the  magnitude  of 
generated  voltage,  elementary  cycle  generation,  and  phase  angle  diagrams.  The  student 
should  also  be  able  to  determine  current  flow  direction,  compute  AC  cycle  instantaneous 
values,  and  demonstrate  the  ability  to  construct  a  simple  generator  and  identify  generator 
cofTiponents.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures 
outlined  on  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the. unit  test. 

SPECIFIC  OBJECTVES 

After  completion  of  this  unit,  tne  student  should  be  able  to: 

1.  Match  terms  associated  with  AC  generation  with  their  correct  definitions. 

2.  Select  true  statements  concerning  electromagnetic  induction. 
3v^Se|ect^requirenient  for  generating  voltage  electromagnetically. 
4.   Discuss^ejeft  hand  generator  rule. 

c.  Select  true  statements  concerning  the  magnitude  of  generated  voltage. 

6.  Select  true  statements  concerning  elementary  cycle  generation. 

7.  Discuss  generator  construction  using  an  illustration. 

8.  State  two  rules  concerning  DC  generator  construction, 

9.  Select  true  statements  concerning  voltage  phasors  or  vectors. 

10.  Select  true  statements  concerning  phase  angle  diagrams. 

1 1 .  Discuss  elements  of  thr  ta-phase  power  generation. 

12.  Determine  current  flow  direction. 

13.  Compute  AC  cycle  instantaneous  values. 

14.  Demonstrate  the  ability  to: 

a.  Construct  a  simple  generator. 

b.  Identify  generator  components. 
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ACGENERATION 
UNIT  II 

SUGGFSTED  ACTIVITIES 
Provide  student  with  objective  sheet. 

Provide  student  with  info,  mation,  assignment,  and  job  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives. 

Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 
Visit  any  type  of  electrical  generating  plant  including  emergency  types. 
Give  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 --Electromagnetic  Induction 

2.  TM  2--  The  Left  Hand  Generator  Rule 

3.  TM  3-Simple  AC  Generator 

4.  TM  4-Generator  Construction 

5.  TM  5-DC  Generator  Commutator 

6.  TM  6-Voltage  Phasor  (Vector) 

7.  TM  7-Comparison  Sinusoidal  and  Phasor  (Vector)  Diagrams 

8.  TM  8-Three-Phase  Power  Generation 

D.  Assignment  sheets 

1 .  Assignm.?nt  Sheet  #1--Determine  Current  Flow  Direr  on 

2.  Assignment  Sheet  #2  -Compute  AC  Cycle  Instantaneous  Values 


(p  o  o 


E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Slieet  ^1  -Construct  a  Sifnf.tt?  (umh.m  ••jtor 

2.  Job  Sheet  #2--lcientify  GerifMciMu  C(-MfHjn,uus 

G.  Test 

H.  Answers  to  test 
References: 

A.     Grob,  Bernard.  Basic  Electronics.  Ntw  York:  McGravv  Hiil,  1977. 
3.     IEEE  Stcifulard  Dictionary  of  Terms.  New  ^oik:  John  Wiiey,  1972. 
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AC  GENERATION 
UNIT  II 


INFORMATION  SHEET 


Terms  and  definitions 

A.     Electromagnetic   induction-Process  of  generating  voltage  in  a  conduc- 
tor by  means  of  a  magnetic  field 

8.     Induced  voltage -Voltage  produced  in  a  conductor  by  a  change  in  mag- 
netic flux 

C.  Rotor-  Rotating  member  of  an  electrical  machine  that  has  3  shaft 
(NOTE:  The  rotor  is  sometimes  called  the  armature.) 

D.  Stator-The  stationary  portion  of  an  electrical  machine 

E.  Generator-Machine  which  converts  me-hanical  power  to  electrical  power 

F.  Alternating  current -Current  that  reverses  periodically  and  that  has  alternat- 
ing positive  and  negative  values 


G.  Phasor-A  complex  number  having  magnitude  and  direction 
(NOTE:  A  phasor  is  also  called  a  vector.) 

H.  Phase  angle -The  measure  of  the  progression  of  a  periodic  wave  in  time 
from  a  chosen  reference 

I.  Phase  difference-The  difference  in  phase  between  two  sinusoidal  func- 
tions  having  the  same  periods 

J.      Field  winding -A  winding  on  an  electrical  machine  which  produces  an 
electromagnetic  field 

K.     Slip  rinys-  Metal  rings  that  conduct  current  into  and  out  of  the  rotor  of  an- 
electrical machine 

(NOTE:  Slip  rings  are  also  called  collector  rings.) 

L.     Brushes-  A  carbon  conductor  connecting  the  stationary  and  moving  parts 
of  an  electrical  machine 

M.    Three-phase   circuit-A  combination   of  circuits  producing  output  volt- 
ages differing  in  phase  by  one-third  cycle  (120°) 


N. 


lnduction--Electrical  coupling  by  a  magnetic  field 


0.    Commutator-Metal  current-carrying  members  that  are  insulated  from  one 
another  by  insulating  segments  and  that  make  contact  with  brushes 
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INFORMATION  SHEET 


Principle  of  electromagnetic  induction  (Transparency  1) 

A.  Conductor  moved  through  a  magnetic  field  produces  voltage  in  conductor 

3.     A  magnetic  field  moved  across  a  conductor  produces  (induces)  voltage 
in  the  conductor 

C.     This  phenomenon  is  called  electromagnetic  induction 
Requirements  for  generating  voltage  electromagnetically 
A-     Magnetic  field 

B.  Conductor  in  the  magnetic  field 

C.  Relative  motion  between  conductor  and  magnetic  field 
Left  hand  generator  rule  (Transparency  2) 

A.     Direction  of  current  i    ;uced  in  conductor  depends  upon  • 

1 .  Direction  of  motion 

2.  Direction  of  magnetic  flux 

In  the  left  hand  method  of  determining  electron  flow  direction 

1 .  Point  forefinger  in  direction  of  magnetic  flux 

2.  Point  r^^ised  thumb  in  direction  of  conductor  motion 

3.  Middle  finger  (when  at  right  angle  to  thumb  and  forefinger)  points  in 
direction  of  current  flow  in  conductor 

Magnitude  of  generated  voltage  (Transparency  3) 

A.     The  magnitude  of  induced  voltage  is  proportional  to  number  of  flux  lines  cut 
per  second  by  conductor 

Number  of  flux  lines  cut  oer  second  by  conductor  is  determined  by 

1 .  Velocity  of  conductor 

2.  L(MU]th  of  conductor 

3.  Magnetic  field  strength 

4.  Angle  conductor  cuts  field 

Example:  When  the  conductor  moves  parallel  to  lines,  no  voltage  is  gen- 
erated; when  conductor  moves  90°  to  lines  maximum  voltage 
is  generated. 
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iNFORMATION  SHEET 
Elementary  cycle  generation  (Transparency  3) 

A.  Start  with  no  lines  being  cut  to  maximum  cutting  of  lines  hy  rctatmg  coil 
1/4  turn,  from  no  induced  voltage  to  the  maximum  in.duced  voltage 

B.  Secorid  1/4  turn  changes  conductor  from  position  of  cutting  maximum 
lines  to  movement  parallel  to  lines,  from  maximum  voltage  to  zero 

C.  Third  1/4  turn  changes  conductor  from  position  cf  no  lines  being  cut  to 
maximum  cutting  hnes  but  in  opposite  direction  from  the  first  1/4  turn 
from  zero  voltage  to  maximum  negative  voltage 

0.  Fourth  1/4  turn  changes  conductor  from  maximum  cutting  of  lines  to 
minimum,  from  maximum  negative  voltage  back  to  zero-  this  comnletps 
onecycleof  AC  generated  voltage  «  J.  mis  c.  mpietes 

Generator  construction  (Transparency  4) 

A.  Yoke  and  base 

1.  Pole  pieces  project  from  yoke 
(NOTE:  This  is  always  an  even  number.) 

2.  Field  coils  wound  on  pole  pieces 

3.  End  bells  which  support 

a.  Brush  supports 

b.  Shaft  bearings 

B.  Armature  and  slip  rings 

1.  Consists  of  many  turns  of  insulated  copper  wire  around  a  core  and 
shaft 

2.  Armature  core  mounted  on  shaft  which  rotates  at  high  sf)eeds 

3.  Slip  rings  connect  to  ends  of  core  windiruj 

4.  Carbon  brushes  connect  slip  rings  to  external  load 

5.  Carbon  is  used  beccjuse 

a.  Relatively  constant  contact  resistance 

b.  Softness  prevents  excessive  wear 

(NOTE:   Many  AC  generators  have  the  magnetic  field  rotatino  and 
the  output  in  the  stator.) 


604 


Jb-U 


INFORMATION  SHEET 

Vlll.       DC  generator  construction 

A.  Same  as  AC  generator  except  slip  rings  are  replaced  witli  a  commutator 
(Transparency  5) 

B.  Commutator  action  produces  a  pulsating  DC  in  output  circuit 
IX.       Voltage  [)hasor  or  vector  (Transparency  6) 

A.  Lengtli  of  p[iasor  equals  maximum  voltage  or  current  generated 

B.  Phasor  rotates  counterclockwise  through  full  2  pi  radians  (360")  of  the  circle 

C.  Distance  from  end  of  phasor  to  horizontal  base  line  at  a  given  time  equals 
tfie  value  of  voltage  or  current  at  that  time 

D.  Phasor  solution  is  graphical  equivalent  of  formulas 

^-   G  ~  Er..^..sin  n  OR 
max 

2.  i  -  I    ^  sin  0 
max 

X.       Pliase  angle  diagrams  (Transf^arency  7) 

A.  Comparison  of  two  or  more  sinusoidal  functions  with  same  periods 

B.  Length  of  phasor  arrow  represents  values  of  current  or  vollao'e 

C.  One  phasor  is  drawn  at  zero  degree  position  as  the  reference 

D.  Other  phasor(s)  drawn  relative  in  time  (or  rotational  position)  to  the  phasor 
cfiosen  as  reference 

E.  Phasor  ciiagrrirns  are  ec]uivalent  to  sinusoidal  waveforms 
XI.       Three  [:)hase  [)Ovver  generation  (Transparency  8) 

A.  Tfn^^e  generator  windings  equally  Sfiaced  prodiices  out[)ut  voltages  120 
degrees  out  of  (Miase  with  each  other  (360'  /  3) 

B.  Different  connections  (:)0ssi[:)le  are 

1.  Delia  . 

2.  Wye  or  star 


Electromagnetic  Induction 


Magnet 


The  Left  Hand  Generator  Rule 


Simple  A  C  Generator 


,      0°     90°    180°   270°  360° 


iworae  Four  Pole 
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Comparison  Sinusoidal  and  Phasor  (Vector)  Diagrams 


^  0  Emax 


SINUSOIDAL  GRAPH         PHASOR  DIAGRAM 

(VECTOR  DIAGRAM) 


n  ■  0 


6i.Q 


c 
r 


i 

I 

C 


Three-Phase  Power  Generation 


SINUSODIAL  DIAGRAM  PHASOR  (VECTOR)  DIAGRAM 


DELTA  (/Ij  CONNECTIONS  WYE  (Y)  CONNECTIONS 


BE 


AC  GENERATION 
UNIT  II 


ASSIGNMENT  SHEET  #1"DETERMINE  CURRENT  FLOW  DIRECTION 

1,    Mark  these  statements  True  (T)  or  False  (F), 

 a.  Moving  a  conductor  which  cuts  the  lines  of  a  magnetic  field  induces  a 

voltage  in  the  conductor 

 b.  EMF  is  generated  when  the  magnetic  field  is  moved  and  the  conductor  is 

stationary  (assuming  that  lines  of  flux  are  being  cut) 

_  c.  The  left-hand  generator  rule  can  be  used  to  determine  electron  displacement 


2.  Match  the  following  concerning  the  left  hand  generator  rule. 

 a.  Thumb  1.     Direction  of  current  flow 

 ^'  Fof-efinger  2.     Direction  of  conductor  motion 

 c.   Middle  finger  3.     Direction  of  magnetic  flux  lines 

3.  Study  the  illustration  and  answer  the  following  questions: 


a. 


Load 


Induced  Polarities 


When  leg  (1)  is  moving  dowr.ward,  from  which  letter  position  will  current  move 
out  of  the  loop  into  the  circuit?  (A  or  B) 


When  leg  (1)  moves  downward,  current  will  flow  from  (A  or  S) 
B)^          in  leg  (1) 


to  (A  or 
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IS, 


ASSIGNMENT  SHEET  #1 


c.  When  leg  (2)  moves  upward,  current  will  flow  from  (C  or  D)          to  (C 
or  D)  in  leg  (2)  

d.  When  leg  (2)  gets  to  the  shown  position  of  leg  (1),  what  happens  to  the 
current? 


6*  "  > 


ERIC 


BE  -  55-D 


AC  GENERATION 
UNIT  II 


ASSIGNMENT  SHEET  #2-C0MPUTE  AC  CYCLE  INSTANTANEOUS  VALUES 


^'   is^'movinT'''''^'''^  ''''''''^  ^^^'^^^  EMF  is  generated  when  the  conductor 

 a-  Parallel  with  the  lines  of  flux 

 b.  Perpendicular  to  the  lines  of  flux 


Direction  of 
Rotation 


Direction  of 
Rotation 


D. 


Direction  of 
Rotation 


N 


A 
B 


Cycle  of  the  Generator 

A.  Start 

B.  Quarter  Turn  (90°) 

C.  Half  Turn  (180°) 

D.  Three-Quarter  Turn  (270°) 


2.  In  the  illustration  above,  the  two  cycle  positions  (A,  B,  C,  or  D)  where  the  maximum 
voltage  is  induced  in  the  conductor  are    and 

3.  The  minimum  voltage  induced  is  zero  volts  and  occurs  at  cycle  positions 

 (see  illustration)  '  


4.    In  the  illustration  above,  the  maximum  induced  voltage  occurs  at  degree  positions 
--^  ^^'^  af^d  zero  voltage  is  inducea  at  degree  positions 
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ASSIGNMENT  SHEET  #2 

^'   yo1t?rnmnlTh''-'  T  ^         ''''"^'"^  ^  ^^^^^^^  induced  voltage  of  10 

volts,  compute  the  instantaneous  voltage  at 

=   b.     45"  =   c.  .:;.90°  =  

^-     ■'5°'  =   e.     300°  =   f.     330=  = 


AC  GENERATION 
UNIT  II 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

1.  a.  T 

b.  T 

c.  T 

2.  a.  2 

b.  3 

c.  1 

3.  a.  B 

b.  8  to  A 

c.  D  to  C 

d.  The  current  reverses  directi. 
Assignment  Sheet  #2 

1.  b 

2.  B  and  D 

3.  AandC 

4.  90  and  270;  0  and  180 

5.  a,  5 

b.  7.07 

c.  10 

d.  5 

e.  :.66 

f.  -5 
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JOB  SHEET  #1-C0NSTRUCT  A  SIMPLE  GENERATOR 

Tools  and  materials 

A.  Horseshoe  magnet 

B.  Galvanometer  or  microammeter  (optional-oscilloscope,  see  stef)  F) 

C.  1 2  fef,'!  hookup  wire 
Procedur-.^ 

A.  Make  a  coil  of  the  wire  small  enough  to  easily  pass  into  and  out  of  t!ie 
horseshoe  magnet  but  leaving  enough  ends  to  connect  to  the  galvanometer  or 
microam  meter 

B.  Connect  the  ends  of  the  coiled  wire  to  the  meter 

C.  Observe  the  meter  wfiile  rapidly  moving  the  wire  into  the  magnet 
(NOTE:  The  meter  needle  should  deflect.) 

D.  Observe  the  meter  while  rapidly  moving  the  wire  out  of  the  rTicjgnet 

(NOTE:  The  meter  needle  should  deflect  in  the  opposite  direction  than 
m  step  C.) 

E.  Repeat  steps  C  and  D  but  leave  the  coiled  wire  stationary  and  move  the 
magnet  rapidly  past  the  coil 

F.  If  you  are  using  an  oscilloscope  in  your  lab,  repeat  steps  D,  and  E  but 
with  the  ends  of  the  wire  connected  to  the  input  vertical  voltage  terminals  of 
your  oscilloscope 

G.  Observe  the  indications  on  the  scope 


AC  GENERATION 
UNIT  II 


JOB  SHEET  #2"IDENTIFY  GENERATOR  COMPONENTS 

(NOTE:  The  '-istr'icto'-  may  use  this  job  sheet  as  a  demonstration.) 

I.       Tools  and  materials 

A.     Automobile  alternator 
1.     Automobile  DC  generator  (Optional) 
II.  P'-ocedure 

A.  Identify  the  pulley  location,  the  cooling  fan,  the  front  and  rear  bearings,  the 
brush  location,  and  other  parts  visible  before  alternator  disassembly 

B.  Disassemble  the  alternator  carefully  and  observe  the  location  (and  condition) 
of  the  brushes,  the  brush  springs,  brush  holder,  front  and  rear  bearings, 
rotor,  and  stator 

C-     Observe  the  method  of  winding  in  both  stator  and  rotor 

(NOTE :  In  most  alternators  the  magnetic  field  is  in  the  rotor  and  the  output 
alternating  current  is  taken  from  the  stator  windings.) 

D.  Observe  the  connections  to  the  brushes  and  to  the  stator  windings 

E.  Repeat  steps  A  through  D  as  appropriate  using  an  automobile  DC  genera- 
tor, if  one  is  available 


AC  GENERATION 
UNIT  II 


NAME  

TEST 

Match  the  terms  on  the  right  with  their  correct  definitions. 


a. 

Rotating  member  of  an  electrical  ma- 

1. 

Electromagnetic 

chine  that  has  a  shaft 

induction 

b. 

A   combination   of  circuits  producing 

2. 

Induced  voltage 

output  voltages  differing  in  phase  by 

one-third  cycle  (120°) 

3. 

Rotor 

c. 

Current  that  reverses  periodically  and 

Stator 

that  has  alternating  positive  and  nega- 

4. 

tive  values 

5. 

Generator 

d. 

A  winding  on   an  electrical  machine 

which  produces  an  electromagnetic  field 

6. 

/Alternating  current 

e. 

The  difference  in  phase  between  two 

7. 

Phasor 

sinusoidal   functions   having  the  same 

nprioHQ 

8. 

Phase  angle 

f. 

A  complex  number  havina  mannituHp 

Phase  difference 

and  direction 

10. 

Field  winding 

g- 

A  carbon  conductor  connecting  the  sta- 

tionary and  moving  parts  of  an  elec- 

11. 

Slip  rings 

trical  machine 

12. 

Brushes 

h. 

The  stationary  portion  of  an  electrical 

machine 

13. 

Three-phase  circuit 

i. 

Metal  current-carrying  members  that  are 

14. 

Induction 

insulated  from  one  another  by  insulating 

segments  and  that  make  contact  with 

15. 

Commutator 

brushes 

j.  Process  of  generating  voltage  in  a  con- 
ductor by  means  of  a  magnetic  field 

k.  Electrical  coupling  by  a  magnetic  field 

I.  The  measure  of  the  progression  of  a 
periodic  wave  in  time  from  a  chosen 
reference 

m.  Metal  rings  that  conduct  current  into 
and  out  of  the  roior  of  an  electrical 
machine 


 n.  Voltage  produced  in  a  conductor  by  a 

change  in  magnetic  flux 

 o.  Machine  which  converts  mechanical  power 

to  electrical  power 

Select  true  statements  concerning  electromagnetic  induction  by  placing  an  "X"  in 
the  appropriate  blanks. 

 a-  Conductor  moved  through  a  magnetic  field  produces  voltage  in  the  con- 
ductor 

 A  magnetic  field  moved  across  a  conductor  produces  voltage  in  the  con- 
ductor 

 c.  Phenomenon  is  called  electromagnetic  induction 

Select  requirements  for  generating  voltage  electromagnetically  by  placing  an  "X" 
in  the  appropriate  blanks. 

 ^a.  Mac^netic  field 

 b.  Stator 

 ^c.  Rotor 

 d.  Commutator 

 e.  Conductor  in  the  magnetic  field 

 f.  Brushes 

 g-   Relative  motion  between  conductor  and  mag'-  nic  field 

 h.  Slip  rings 

Discuss  the  left  hand  generator  rule. 

a.  Direction  of  current  induced  in  a  conductor  depends  upon: 

1)  '  

2)  ___  

b.  In  the  left  hand  method  of  determining  electron  flow  direction: 

1)  

2)  _  

3)  


Select  true  statements  concerning  the  magnitude  of  generated  voltage  by  placing 
an  "X"  in  the  appropriate  blanks. 

 a-  The  magnitude  of  induced  voltage  is  proportional  to  number  of  flux  lines  cut 

per  second  by  conductor 

 b.  Number  of  flux  lines  cut  per  second  by  conductor  is  determined  by  velocity 

of  conductor 

 c.   Number  of  flux  lines  cut  per  second  by  conductor  is  determined  by  length  of 

conductor 

 d.  Number  of  flux  lines  cut  per  second  by  conductor  is  determined  by  magnetic 

field  strength 

 6-   Number  of  flux  lines  cut  per  second  by  conductor  is  not  related  to  angle  that 

conductor  cuts  field 

Select  true  statements  concerning  elementary  cycle  generation  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a-  Start  with  no  lines  being  cut  to  maximum  cutting  of  lines  by  rotating  coil 

1/4  turn,  trom  no  induced  voltage  to  maximum  induced  voltage 

 b.  Second  1/4  turn  changes  conductor  from  position  of  cutting  maximum 

lines  to  movement  parallel  to  lines,  from  maximum  voltage  to  zero 

 c.  Third  1/4  turn  changes  conductor  from  position  of  no  lines  being  cut  to 

maximum  cutting  lines  but  in  opposite  direction  from  the  first  1/4  turn, 
from  zero  voltage  to  maximum  negative  voltage 

 d.  Fourth  1/4  turn  changes  conductor  from  maximum  cutting  of  line  to  min- 
imum, from  maximum  negative  voltage  back  to  zero;  this  completes  one 
cycle  of  AC  generated  voltage 


a.     Yoke  and  base 


Armature  and  slip  rings 


State  two  rules  concerning  DC  generator  construction. 


.  a. 
b. 


Select  true  statements  concerning  voltage  phasors  or  vectors  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a-   Length  of  phasor  equals  maximum  voltage  or  current  generated 

 b.  Phasor  rotates  clockwise  through  full  2  pi  radians  (360")  of  the  circle 

 c.   Distance  from  end  of  phasor  to  horizontal  base  line  at  a  given  time  equals 

the  value  of  voltage  or  current  at  that  time 

 d.  Phasor  solutic-n  is  graphical  equivalent  of  formulas 


^  ^  ^mavSin  0  or  i  ^  ^r^ov^^in  Q 
max  max 

Select  true  statements  concerning  phase  angle  dio^rams  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a-   Comparison  of  two  or  mere  sinusoidal  functions  with  same  periods 

 Length  of  phasor  arrow  represents  values  of  current  or  voltage 

 ^c.   One  phasor  is  drawn  at  90  degree  position  as  the  reference 

 d.  Other  phasor(s)  drawn  relative  in  time  (or  rotational  position)  to  the  phasor 

chosen  as  reference 

 e.   Phasor  diagrams  are  equivalent  to  sinusoidal  waveforms 


Discuss  elements  of  three-phase  power  generation 

a.  

b. 


1) 
2) 


Determine  current  flow  direction. 
Compute  AC  cycle  instantaneous  values. 
Demonstrate  the  ability  to: 

a.  Construct  a  sim[)le  generator. 

b.  Identify  generator  components. 

(NOTE:  If  these  activities  have  not  been  accoiTiplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

6' JO 
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AC  GENERATION 
UNIT  II 


ANSWERS  TO  TEST 


1.  a. 
b. 


3 

13 
6 

10 


e. 
f. 

g- 

h. 


9 
7 

12 
4 


I. 


15 


m.  11 
n.  2 
o.  5 


c. 


k 
1. 


14 
8 


d. 


2.  a,  b,c 

3.  a,  g 

4.  Discussion  siiould  include: 

a.  1)     Direction  of  motion 

2)     Direction  of  magnetic  flux 

b.  1)     Point  forefinger  in  direction  of  magnetic  flux 

2)  Point  tfiumb  in  direction  of  conductor  motion 

3)  Middle  finger  points  in  direction  of  current  flow  in  conductor 

5.  a,  b,  c,  d 

6.  a,  b,  c,  d 

7.  DiscuGSion  sfiould  include: 

a.      Yoke  and  hnse 

1  >   Pole  pieces  project  f  om  yoke 

2)  Field  coils  wound  on  pole  pieces 

3)  End  bells  which  support 


b.     Armature  and  slip  rings 

1)  Consists  of  many  turns  of  insulated  copper  wire  around  a  core  and  shaft 

2)  Armature  core  mounted  on  sh'^ft  which  rotates  at  high  speeds 

3)  Slip  rings  connect  to  ends  of  core  winding 

4)  Carbon  brushes  connect  si'o  rings  to  external  load 

5)  Carbon  is  used  because 


8.  a.     Same  as  AC  generator  except  slip  rings  are  replaced  with  a  commi  i  ^tor 
h.     Commutator  action  produces  a  pulsating  DC  in  output  circui. 

9.  a,c,d 
10.  a,b,d,e 


a)  Brush  supports 

b)  Shaft  bearings 


a)  Relatively  constant  contact  resistant 

b)  Softness  prevents  excessive  wear 


8-D 


1 1 .  Discussion  should  include: 

a.  Three  generator  windings  equally  spaced  produces  output  voltages  120  degrees 
out  of  phase  with  each  other  (36073) 

b.  Different  connections  possible  are 

1)  Delta 

2)  Wye  or  star 

12.  Evaluated  to  the  satisfaction  of  the  instructor. 

13.  Evaluated  to  the  satisfaction  of  the  instructor. 

14.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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INDUCTANCE 
UNIT  III 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  state  Lenz's  law,  the  formula 
for  a  henry,  and  formulas  for  mutual  inductance.  The  student  should  also  be  able  to  identify 
kinds  of  inductors  and  determine  transformer  ratios.  This  knowledge  will  be  evidenced  by 
correctly  performing  the  procedures  outlined  in  the  assignment  and  job  sheets  and  by 
scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 
After  completion  of  this  unit,  the  student  should  be  able  to: 

1 .  Match  terms  associated  with  inductance  with  their  correct  definitions. 

2.  Match  inductance  unit  abbreviations  with  their  correct  definitions. 

3.  Discuss  factors  contributing  to  self-inductance. 

4.  Select  true  statements  concerning  Lenz's  law. 

5.  State  the  formula  for  a  henry. 

6.  List  three  factors  that  affect  the  amount  of  inductance  of  a  coil. 

7.  Identify  kinds  of  inductors. 

8.  Stite  the  formulas  for  total  inductance  of  inductors  connected  in  series  and 
inductors  connected  in  parallel. 

9.  List  two  factors  that  determine  mutual  inductance. 

10.  State  formulas  for  mutual  inductance,  mutual  inductance  aiding,  and  mutual 
inductance  opposing. 

1 1 .  Select  true  statements  about  transformer  ratios. 

12.  Demonstrate  the  ability  to  determine  transformer  ratios. 
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INDUCTANCE 
UNIT  III 


IV. 
V. 
VI. 
VII. 


SUGGESTED  ACTIVITIES 
Provide  student  with  objective  sheet. 

Provide  student  with  information,  assignment,  and  job  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives. 

Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 
Give  test. 


INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  liiformation  sheet 

C.  Transparency  masters 

1 .  TM  1--lnduction 

2.  TM  2-Self-lnductanice  in  a  Coil 

3.  TM  3-Coils  of  Various  Inductances 

4.  TM  4  -Coefficient  of  Coupling 

5.  TM  B-Transformer  Ratios 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1 --Answer  Questions  Regarding  Induction  and  In- 
ductors 

2.  Assignment  Sheet  #2--Solve  for  Lj 

3.  Assignment  Sheet  #3--Answer  Questions  Concorning  Mutual  Induct- 
ance 

4.  Assignment  Sheet  #4 -Solve  Problems  Concerning  Transformer  Ratios 
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E.  Answers  to  assignment  sheets 

F.  Job  Sheet  #1  -Determine  Transformer  Ratios 

G.  Test 

H.  Answers  to  test 
References: 

A.  Bernard  Grolj,  Basic  Electrooics.  New  York:  McGraw-Hill,  1977. 

B.  IEEE  Stjncidrd  Dictionary  of  Electrical  and  Electronic  Terms.  New  York: 
John  Wiley  and  Sons,  197?. 
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INDUCTANCE 
UNIT  III 

INFORMATION  SHEET 

Terms  and  definitions  * 

A.  Inductor -A  device  that  introduces  inductance  into  an  electrical  circuit 
(usually  a  coil) 

B.  Inductance-The  property  of  an  electric  circuit  when  a  varying  current 
induces  an  EMF  in  that  circuit  or  another  circuit 

C.  Self-inductance--The  property  of  an  electric  circuit  when  an  EMF  is  induced 
in  that  circuit  by  a  change  of  current 

0.     Henry--The  unit  of  inductance 

E.  Permeability--The  measure  of  the  ease  with  which  material  will  pass  lines  of 
flux 

F.  Mutual  inductance-The  property  of  two  circuits  whereby  an  EMF  is  in- 
duced in  one  circuit  by  a  chahge  of  current  in  the  other 

G,  Coupling  coefficient-A  number  indicating  the  fraction  of  flux  lines  of  one 
circuit  cutting  another  circuit 

H,  Transformer--A  device  that  transfers  changing  current  and  voltage  from 
one  circuit  to  another  by  inductive  coupling 

Inductance  unit  abbreviations  and  definitions 

A.  lnductance--L 

B.  Henry--h 

C.  Rate  of  current  change--di/dt 

D.  Mutual  inductance--L|y|  (or  M) 

E.  Coefficient  of  coupling--k 

F.  Counterelectromotive  force--CEMF 

G.  Permeability-/i 

Factors  contributing  to  self-inductance 

A.  Inductance  is  present  because  a  changing  current  always  produces  a  changing 
magnetic  field  (Transparency  1) 

B.  Changing  magnetic  field  cuts  conductors  causing  a  generator  action 

C.  Induced  current  by  changing  magnetic  field  opposes  the  originating  current 
(Transparency  2) 
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INFORMATION  SHEET 

IV.  Lenz's  law 

A.  Induced  voltage  at  every  instant  opposes  any  change  in  circuit  current 

B.  Induced  voltage  is  called  counter  electromotive  force  (CEMF) 

C.  Induced  voltage  is  so  important  that  it  has  the  status  of  a  physical  law  called 
Lenz  s  law 

D.  The  current  in  a  conductor,-  as  a  result  of  an  induced  voltage,  is  such  that  the 
change  in  magnetic  flux  due  to  it  is  opposite  to  the  change  in  flux  that 
caused  the  induced  voltage 

V.  The  formula  for  a  henry-L  =  CEMF 

di73t 

(NOTE:  One  henry  of  inductance  is  present  when  one  ampere  change  per  second 
causes  a  CEMF  of  one  volt.  The  henry  is  a  relatively  large  unit;  most  inductors  are 
measured  in  millihenries  (mh)  or  microhenries  (/jh).) 

VI.       Factors  affecting  inductance  of  ceils 

A.  Number  of  turns-Inductance  varies  directly  with  the  square  of  the  number 
of  turns 

B.  Permeability  of  core--lrductance  varies  directly  with  the  permeability 
of  the  core 

C.  Cross-sectional  area  of  core"lnductc^^,ce  varies  directly  with  the  cross- 
sectional  area  of  the  core 

0.     Length  of  core-;lnductance  varies  inversely  with  the  lenqth  of  the  ..ore 
VII.       Kinds  of  inductors  (Transparency  3) 

A.  Air  core 

B.  Iron  core 

(NOTE:  Core  materials  can  include  ferrite,  powdered  iron,  laminated  iron 
and  other  materials.) 

VIII.       Inductors  in  circuits 

A.     Inductors  in  series 

1.  Lj  -         L2  ^  ... 

(NOTE:  This  is  cirlditive,  similar  to  resistors  in  senos) 

2.  Serins  rormuU'i  assumes  no  rtiagnetic  ::ouf)ling  l)fMween  inductors 
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B.     Inductors  in  parallel 

1 .    Reciprocal  formula: 


1/L^  +  1/L^  +  I/L3  +  .  .  . 


2.   Unequal  branch  formula: 


4= 


3.  Formulas  assume  no  magnetic  coupling  between  inductors 

4.  Total  inductance  is  less  than  smallest  parallel  branch 
Factors  determining  mutual  inductance 

A.  Coefficient  of  coupling  between  inductors  (Transparency  4) 

B.  Inductance  of  each  inductor 
Formulas  for  mutual  inductance 


A.     Formula  for  mutual  inductance--L(y|  =  k  V      x  L2 
3.     Mutual  inductance  aiding-Total  inductance,  Lj  =  2L|yj 
C.     Mutual  inductance  opposing-Total  inductance,  L j  =      +  L2  -  2L|y| 
Transformer  ratios  (Transparency  5) 

A.     Turns  ratio  is  the  ratio  of  number  of  turns  in  secondary  winding  to  number 
of  turns  in  primary  winding  (T^/Tp) 

1 .  Step  up  transformer-When  T^  is  larger  than  T^ 

2.  Step  down  transformer-When  T^  is  smaller  than  T^ 

3.     Voltage  ratio,  E  /E    equals  turns  ratio  with  unity  coupling 
b  p 

C.  Current  ratio,  'g/lp,  equals  inverse  of  voltage  or  turns  ratio;  that 

D.  Power  ratio,  Po/Pi;  power  out  is  less  than  power  in 


Induction 


+ 


0 


Current 
flow 
through 
conductor 


Conductor 


No  current 
Flow 


Maximum 
current  flow 


< 


Small 

current  flow 


Decreasing 
current  flow 


t>  =  CEMF 


Increasing 
current  flow 


w 

<1 


Small 

current  flow 


Relationship  of  magnetic  field  around  a  wire  to  current  flowing 
tlirough  the  wire. 
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SeK-lnduclance  in  a  Coil 


Coils  of  Various  Inductances 

(NOTE.  Inductances  use  many  different 
materials  in  the  cores.) 


Coefficient  of  Coupling 


L2  Coi! 


Transformer  Ratios 


T  =  F  =  I 

(NOTE:  Power  out  is  less     —    —  ii 


than  power  in.) 


Flux  Field 


Instantaneous  Current  Flow 
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INDUCTANCE 
UNIT  III 

ASSIGNMENTSHEET#1-ANSWER  QUESTIONS  REGARDING 
INDUCTION  AND  INDUCTORS 

1 .  Match  the  statement  on  the  right  with  their  effects. 

.  a.  Source  current  increased  (.     Inductance  and  induced  EMF 

source  current 

 b.  Source  current  decreased  2.     Inductance    and     induced  EMF 

sustain  source  current 

2.  Match  the  phrases  on  the  right  with  their  effects. 
(NOTE:  Answers  may  be  used  more  than  once.) 

 a.   Decrease  core  permeability  1 .     Inductance  increases 

 b.  Add  turns  to  a  coil  2.     Inductance  decreases 


^c.   Increase  cross-sectiopal  area 
of  core 

_d.  Decrease  length  of  core 


3.    Place  an  "X"  next  to  statements  which  correctly  finish  this  Dhra<;P'  In  ;.n  ir.H... 
tive  circuit  when  the  switch  is  suddenly  opened,  ^  ^ 

 a.  the  magnetic  field  around  the  coil  begins  to  collapse 

 b.  current  tries  to  continue  to  flow  due  to  induced  voltage 


^c.  current  decays  rather  than  abruptly  going  to  zero 
_d.  al!  of  the  above  are  correct 


4.  ^Vhat  IS  another  name  for  induced  voltage? 

5.  True  or  false: 


cu^r'ren"'^'''''  "'''^       inductance  opposes  any  change  in  circuit 


current 

.  P-  The  induced  v  .  *   ■  ^  is  called  CEMF 

Name  three  different  core  mater..ls  used  in  inductor  construciion. 


a. 
b. 
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INDUCTANCE 
UNIT  III 


ASSIGNMENT  SHEET  #2-S0LVE  FOR  U 


1.   Find  Ly  in  this  circuit  (assume  no  mutual  inductance). 


2.   Solve  for  L- 


LI 

10  mh 


3 


L2  g 

5mh  jg 
o 


:2 


LI 
lOh 


L2 
5h 


3.   Solve  for  L. 


4.   Solve  for  Ly. 


LI 
lOh 


3 


L2  )o 


3  5 


LI 
20mh 


L2 
8mh 


L3 
.04h 


5.   Solve  for  Ln 


4  mh 
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ASSIGNMENT  SHEET  #2 


6.     L  -  CEMF  If  CEMF  equals  100  volts  when  a  change  in  current  of  5000 

di/dt  pares  per  second  occurs,  how  much  inductance  is  present? 
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ASSIGNMENT  SHEET  #3  -ANSWER  QUESTIONS  CONCERNING  MUTUAL  INDUCTANCE 


1 .   Which  pair  of  coils  has  the  greatest  mutual  inductance? 
(Assume  all  except  the  spacing  to  be  identical.) 


a.. 


2" 


1/2" 


b. 


2.  In  problem  one,  is  the  coil  with  the  greatest  coefficient  of  coupling  (A)  or  (B)? 

3.  The  coefficient  of  coupling  between  two  coils  is  found  to  be  0.2.  If  the  coils  both  have 
4  mh  of  inductance,  the  mutual  inductance  is 

(HINT:L,^  =  |< 

a.      If  the  coils  are  connected  in  series  and  the  inductance  is  aiding,  the  total  induc- 
tance is 


b.     If  the  coils  are  connected  in  series  and  the  inductance  is  opposing  the  total 
inductance  is 
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ASSIGNMENT  SHEET  #4-S0LVE  PROBLEMS  CONCERNING  TRANSFORMER  RATIOS 

400  Turns 


Ea 
100  V 


Rl=  400  1 


100  Turns 
Primary  Secondary 
The  above  schematic  is  a  perfect  transformer  (that  is,  the  coupling  coefficient  is  1).  The 
primary  has  100  turns  and  the  secondary  has  400  turns.  A  400'Ohm  load  is  across  the 
secondary. 

Find: 

1.  Secondary  voltage,  E^  = 

2.  Secondary  current,  1^  =  


3.   Primary  current,  I  = 
P 


4.  Power  in  the  secondary  circuit,  P^ 

5.  Power  in  the  primary  circuit,  P  = 


6.   This  transformer  is  a  (step-up)  (step-down)  transformer. 
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INDUCTION 
UNIT  III 

ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1 

1.  a.  1 
b.  2 

2.  a.  2  c.  1 
b.  1  d.  1 

3.  d. 

4.  Counter  electromotive  force  (CEMF) 

5.  a.     True        b.  True 

6.  Air,  iron,  ferrite,  powered  iron  (any  three) 
Assignment  Sheet  #2 

1-     15mh  4.  5mh 

2.  3.33  mh  5.     8  mh 

3.  5  h  6.     20  mh 
Assignment  Sheet  #3 

1.  h 

2.  B 

3.  a.  .8mh 

b.  9.6mh 

c.  6.4mh 

Assignment  Sheet  #4 

1.  400  V  4.  400  W 

2.  1  A                5.  400  W 
3-   4  A                6.  Step-up 
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JOB  SHEET  ^1   DETERMINE  TRANSFORMER  RATIOS 
Tools  anci  materials 

A.  Fii.iir.ent  transform.er  (approximately  1 10v  to  6v) 

B.  A-.motransformer  or  signal  generator 

C.  30  ohm,  5W  resistor 

D.  Miltimeters 

E.  Electrical  wire  to  build  circuit 
Procedure 

A.     Connect  the  following  circuit  (Figure  1 ) 
O  


FIGURE  1 


® 


Sigruil  Generator 


Primary 


Secondary 


30rL 


B.  Adjust  the  signal  input  to  100  volts 

C.  Close  the  switcfi  and  record  tfie  secondary  current,  1^ 

D.  Measure  and  record  tfie  f)rimary  voltage,  E^ 

E.  Measure  and  record  the  secondary  voltage,  E^ 

F^.  Measure  and  record  the  load  resistor  (af)proximately  30  ohms) 

G.  Comf:ar    the  measured  secondary  current,  1^,  with  that  ol     ined  using 
Ohn^s'  k  .'v  (E^/R|^).  Explain  differences. 


H.     Measure  and  record  I 


P 


I.      Use  the  voltage  ratio  and  1^  to  compute  1^,  tfien  compare  with  1^ 

values  obtained  in  Steps  C  and  G 
J.     Calculate  the  turns  ratio  of  the  trarii^former 
K.     Remove  the  load  resistor  and  leave  the  secondary  open 
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JOB  SHEET  #1 


L.     Measure  and  record  tfie  primary  current,      with  an  o[)en  sec-  id^  y 

M.    Compare  your  voltage  ratio  witii  tfiat  indicated  by  the  transformer  manu- 
facturer 
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NAME 

TEST 


1.    Match  the  terms  on  the  right  with  their  correct  definitions. 

 a-  The  property  of  an  electric  circuit  when 

an  EMF  is  induced  in  that  circuit  by  a 
change  of  current 


_b.  The  property  of  two  circuits  whereby  an 
EMF  is  Induced  in  one  circuit  by  a 
change  of  current  in  the  other 

__c.  A  device  that  transfers  changing  current 
and  voltage  from  one  circuit  to  another 
by  inductive  coupling 

_d.  A  device  that  introduces  inductance  into 
an  electrical  circuit 

_e.  The  unit  of  Inductance 

J.  The  measure  of  the  ease  v.ith  which 
material  will  pass  lines  of  flux 

_g.  The  property  of  an  electric  drciiit 
when  a  varying  current  Induces  an  E^'.r 
In  that  circuit  or  another  circuit 

_h.  A  number  indicating  thp  -  d-^^ion  or  flux 
lines  of  one  circuit  v.:jLl;ng  another 
circuit 


1.  Inductor 
2  Inductance 
'  ?lf-inductanje 

'  rmeability 
iViiJtual  inductance 

7.  Coupling  coefficient 

8.  Transformer 


2.   Match  the  Inductanc-  unit  abbreviations  on  the  right  wit'. 

 a.  Inductance 

 b.  -Henry 

 c.   Rate  of  current  chanrje 

 d.  Mutual  inductance 

 ^e.   Coefficient  of  coupling 

 f.   Counterelectromotive  force 

■  g.  Permeab  1 1 1  ty 


■i^;^'r  correct  defin.^ons. 

^-  Lm 

2.  CEMF 

3.  L 

4.  h 

5.  k 

6.  di/dt 

7.  M 


Discuss  factors  contributing  to  self-indurtance. 


Select  true  statements  concerning  Lenz's  law  by  placing  an  "X"  in  the  appropriate 
blanks. 

 3-   Induced  voltage  at  every  instant  oppose?  any  change  in  circuit  current 

 b.  Induced  voltage  is  called  counter  electromcti\"^  force  (CEMF) 

 c.   Inducea  voltage  is  called  counter  electromagnetic  input  (CEMI^ 

 c1.  Induced  voltage  is  so  important  that  it  is  the  basio  of  Ohm'j  law 

 6-   The  current  in  a  conductor,  as  a  result  of  an  induced  voltage,  i  such  that  the 

change  in  magnetic  flux  due  to  it  is  opposite  to  the  change  in  lux  that 
caused  ihe  induced  voltage 

State  the  formula  for  a  henry. 

List  three  factors  that  affect  the  amount  of  inductance  of  a  coil, 
a.   
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8.  State  the  formulas  for  total  inductance  of  inductors  connected  in  series  and  inductors 
connected  in  parallel. 

a.  Inductors  in  series- 
fa.     Inductors  in  parallel 

a.  Reciprocal  formula-- 

b.  Unequal  branch  formula- 

9.  List  two  factors  determining  mutual  inductance. 

a.  _   

b.  

10.  State  formulas  for: 

a.  Mutual  inductance-- 

b.  Mutual  inductance  aiding-- 

c.  Mutual  inductance  opposing-- 

11.  Select  true  statements  about  transformer  ratios  by  placing  an  "X"  in  the  appropriate 
blanks. 

 a-   Turns  ratio  is  the  ratio  of  number  of  turns  in  secondary  winding  to  number 

of  turns  in  primary  winding  (1"^/!^) 

 b.   In  the  step  up  transformer,  T  is  larger  than  T 

s  p 

 c    In  the  step  down  transformer,      is  smaller  than  T 

P  s 

 d.  The  voltage  ratio,  E^/E^  equals  turns  ratio  with  unity  coupling 

 e.   Current  ratio,  I  /I    equals  voltage  or  turns  ratio 

b  p 

 f.    Power  ratio,  P^/P^;  power  in  is  less  than  power  out 

12.  Demonstrate  the  ability  to  determine  transformer  ratios. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your  instructor 
when  it  should  be  completed.) 
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ANSWERS  TO  TEST 

1.  a.     3  e.  4 

b.  6  f.  5 

c.  8  g.  2 

d.  1  h.  7 

2.  a.     3  d.     1  g.  7 

b.  4  e.     5  ■ 

c.  6  f.  2 

3.  Discussion  should  include: 

a.  Inductance  is  present  because  a  changing  current  always  produces  a  chanqinq 
magnetic  field 

b.  Cnanging  magnetic  field  cuts  conductors  causing  a  generator  action 

c.  Induced  current  by  changing  magnetic  field  opposes  the  originating  current 

4.  a,  b,  e 

5.  Formula- L=  CEMF 

di/dt 

6.  Any  three  of  the  following: 

a.  Number  of  turns-Inductance  varies  directly  with  the  squarj  of  the  number  of 
turns 

b.  Permeability  of  core -I nductance  varies  directly  with  the  permeabilitv  )f  the  core 

c.  Cross-sectional  area  of  core-Inductance  varies  directlywith  the  r.  oss-sectional  area 
cf  the  core 

d.  Length  of  core-Inductance  varies  inversely  with  the  length  of  the  core 

7.  a.     Air  core 
b.     Iron  core 

8.  a.      Inductors  in  series-Lj  =      +  Ly    ■  .  . 
b.     Inductors  in  parallel 

a)      L-p  =  1 


f  1/L2  +  I/L3  +  . . . 


b)  X 

Lt=  1 
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9.   a.     Coefficient  of  coupling  between  inductors 
b.     Inductance  of  each  inductor 

10.  a.     Mutual  inductance--L[^  =  k    VL-j  x 

b.  Mutual  inductance  aiding-- 

Total  inductance,      =  L-|  +  L2  +  2  L|y| 

c.  Mutual  inductance  opposing  - 

Total  inductance,  Lj  =      +  L2  -  2Ljy| 

11.  a,b,d 

1 2.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  state  formulas  for  computing 
inductive  reactance,  true,  apparent,  and  reactive  power;  power  factor;  and  the  Q  of  an 
inductor.  The  student  should  also  be  able. to  compute  inductive  reactance  and  the  various 
values  in  RL  circuits;  demonstrate  the  ability  to  show  the  effect  of  inductance  in  AC 
circuits;  and  solve  for  values  of  an  operating  RL  circuit.  This  knowledge  will  be  evidenced 
by  correctly  performing  the  procedures  outlined  on  the  assignment  and  job  sheets  and  by 
scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIV  tS 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  inductive  reactance  with  their  correct  definitions. 

2.  Match  symbols  concerning  inductive  reactance  with  their  correct  definitions. 

3.  List  three  factors  needed  to  compute  inductive  reactance. 

4.  State  the  formula  for  computing  inductive  reactance. 

5.  Select  true  statements  describing  current  and  voltage  relationships  in  RL  circuits. 

6.  Compute  the  applied  voltage  and  impedance  in  a  series  RL  circuit. 

7.  State  three  formulas  for  determining  true  prwer. 

8.  State  three  formulas  for  determining  apparent  power. 

9.  State  three  formulas  for  determining  reactive  power. 

10.  State  four  formulas  for  determining  power  factor. 

11.  State  the  formula  for  determining  quality  factor  (Q)  or  figure  of  merit  of  an 
inductor. 

1  2.  Select  true  statements  concerning  inductive  time  constants. 

1 3.  Complete  the  labels  on  a  universal  time  constant  chart. 

14.  Compute  inductive  reactance 

15.  Compute  applied  voliage  and  irppedance  of  RL  circuits. 
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16.   Conipute  power  in  reactive  circuits. 
1  7,   Compute  the  Q  of  inductors. 

18.  Solve  time  constant  problems. 

19.  13  ;[7ionstrate  tine  ability  to: 

ci.  Sdow  t[ie  effect  of  inductance  in  AC  circuiis. 
b.     Solve  for  values  of  an  operatincj  RL  circuit. 
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IV. 
V. 
VI. 

VII. 

VIII. 


SUGGESTED  ACTIVITIES 
Provide  student  w'th  objective  sheet. 

Provide  student  with  informati9n,  assignment,  and  job  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives. 

Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

Set  up  an  RL  circuit  and  with  a  dual  trace  oscilloscope  demonstrate  the  phase 
relationships  present  in  the  circuit. 

Give  test. 


INSThuCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Infora^ation  sheet 

C.  Transparency  masters 

1.  TM  1--RL  Circuit  an,:'  Current  Rise 

2.  TM  2-Curre,n  and  Voltage  Relationsh'ps  in  RL  Circuits 

3.  TM  3-Un;versal  Time  Constant  Chart 

D.  Assignment  sh'^et? 

1.  Assignment  Sheet  #1  -Compute  Inductive  Reactance 

2.  Assignment  Sheet  #2-Compute  Applied  Voltage  and  Impedance  of  RL 
Circuits 

3.  Assignment  Sheet  #3-Compute  Pov\.:i  in  Reactive  Circuits 

4.  Assignment  Sheet  #4-Compijte  the  C:  ')f  Inductors 

5.  Assignment  Sheet  #5--Solve  Ti.-ne  Conuai  r  Problems 
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E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1-Show  the  Effect  of  inductance  in  AC  Circuits 

2.  Job  Sheet  #2-Solve  for  Values  of  an  Operating  R  L  Circuit 

G.  Test 

H.  Answers  to  test 
References; 

A.     Grob,  Bernard.    Basic  Electronics.     New  York:    McGraw-Hill,  1977. 
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INFORMATION  SHEET 

Terms  and  definitions 

A.  Resistance-Opposition  to  current  resulting  in  energy  dissipation 

B.  Reactance-Opposition  to  current  caused  by  voltage  or  current  changes 
not  resulting  in  energy  dissipation 

(NOTE:  This  opposition  is  caused  by  inductive  and  capacitive  effects.) 

C.  Impedance-Opposition  to  current  including  both  resistance  and  reactance 
(NOTE:   Resistance,  reactance,  and  impedance  are  measured  in  ohms.) 

D.  Inductive  reactance-Circuit  opposition  caused  by  inductance 

E.  Power--The  rate  of  energy  consumption  in  a  circuit  ftrue  power) 

F.  Reactive  power-The  product  of  reactive  voltage  and  amperes  (or  the 
equivalent)  in  an  .AC  circuit 

G.  Apparent  power-The  product  of  volts  and  amperes  (or  the  equivalent) 
in  an  AC  circuit 

H.  Power  factor-The  ratio  of  true  power  (watts)  to  apparent  power  (volts- 
amperes)  in  an  AC  circuit 

I.  Phase  angle-^The  angle  that  the  current  leads  or  lags  the  voltage  in  an  AC 
.  circuit 

(NOTE:  The  phase  angle  is  expressed  in  degrees  or  radians.) 

J.     Angular  velocity-The  rate  of  change  of  cyclical  motion  . 

(NOTE :  Angular  velocity  is  expressed  in  radians  per  second.) 

K.    Time  constant-The  time  required  for  an  exponential  quantity  to  change 
by  an  amount  equal  to  0.632  times  the  total  change  that  will  occur 

Symbols  and  definitions 

A.  X-Reactance  in  ohms 

B.  X|^-lnductive  reactance  in  ohms 

C.  f-Frequency  in  hertz 

D.  R-Resistance  in  ohms 
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INFORMATION  SHEET 

E.  CO  "Angular  velocity  in  radians  per  second 
(NOTE:  CO  also  equals  27r  f.) 

F.  Z-lmpedance  in  ohms 

G.  27r  "Radians  in  one  cycle 

(NOTE:  27r  equals  approximately  6.28.) 

H.  VARS  (y_olt  A^mperes  R_eactive)"Reactive  apparent  power 
L      PF-Power  factor 

Factors  needed  to  compute  inductive  reactance, 

A.  CO  "Angular  velocity  in  radians  per  second  (27r  f) 

B.  L--lnductance  in  henries 

C.  f"Frequency  in  hertz 

Formula  for  computing  inductive  reactance  (sinusoidal  waveforms) 
Xl  =  co  L  =  27rfL 

(NOTE:  Inductive  reactance  is  directly  proportional  to  rate  of  change  of  current 
or  voltage  (frequency),  and  the  amount  of  inductance.) 

Current  and  voltage  relationships  in  RL  circuits 

A.  Current  lags  voltage  by  90°  in  a  pure  inductive  circuit 

B.  Current  and  voltage  are  in  phase  in  a  pure  resistive  circuit 

C.  In  an  RL  circuit,  current  lags  voltage  between  0*"  and  90°  depending  upon: 

1 .  Relative  amounts  of  R  and  L  present 

2.  ^Frequency  of  applied  voltage  or  current  (angular  velocity) 
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Computing  applied  voltage  and  impedance  in  series  RL  circuits 
^R 


VNAAA. 
R 


jTm 

L 


RL  Circuit 


I  m 


RL  Phase  Relationships  (RMS  Values) 


A.  Current  is  same  in  R  and  in  L 
(NOTE:  This  is  used  as  reference.) 

B.  Voltage  across  resistor  (Ep)  is  in  phase  with  current 

C.  Voltage  across  iriductor  (E  ^)  is  90°  ahead  of  current 

D.  Applied  voltage  (E^)  is  vector  sum  of  the  two  out-of-phase  voltages  and 
equals 


=  yj  (Ep)^  +  '^L^^    (Hypotenuse  of  right  triangle) 

E.  Dividing  each  quantity  by  current  results  in  impedance  formula: 

Z  =  y(R)2  +  (XL)2 

F.  Phase  angle  is  the  an^le  whose  cosine  is  Ep 


Formulas  for  determining  true  power 

A.  P-p=|2r 

B.  PT^EpIp 

C.  Pj  =  El  cos  0  or  El  (PF)  where  PF  is  the  power  factor 

(NOTE:  True  power  is  the  actual  power  consumed  by  resistance  and  is  mea- 
sured in  watts.) 


INFORMATION  SHEET 


Formulas  for  determining  apparent  power 


A. 

Pa  = 

El 

B. 

Pa  = 

|22 

C. 

Pa  = 

E^/Z 

(NOTE:  Apparent* power  is  the  power  that  appears  co  be  used  and  is  measured 
in  volt-amperes.) 

Fcmulas  for  determining  reactive  power 
A.     Px  =  I^X 

C.     Px  =  El  sin  0  where  sin  Q  =  Ep/E^  or  R/X 

(NOTE:  Reactive  power  is  power  that  appears  to  be  used  by  reactive  compo- 
nents, but  inductors  use  no  power  or  energy;  they  take  from  the  circuit  to  create 
magnetic  lines  of  force  but  return  to  the  circuit  when  current  direction  reverses.) 

Formulas  for  determining  power  factor 


A". 

PF 

=  Pt/Pa 

B. 

PF 

C. 

PF 

=  R/Z 

D. 

PF 

=  cos  0  where  0 

(NOTE:  Power  factor  is  the  ratio  of  true  power  to  apparent  power.) 

Formula  for  determining  quality  factor  (Q)  or  figure  of  merit  of  an 
inductor - 


X  X 

Q-  L    where        is  inductive  reactance  in  ohms  and 

R^     Rg  is  series  resistance  in  ohms  of  an  inductor 

(NOTE:  The  quality  factor  (Q)  or  figure  of  merit  is  the  measure  of  a  coil's  energy 
storing  ability.) 
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Inductive  time  constants  (Transparency 

L 


"UUULT 


Imax 


RL  Circuit 


Time 


Current  Graph 


A.  In  the  RL  circuit  connected  to  DC,  current  does  not  immediately  rise 
to  the  Ohm  s  law  value  when  switch  is  closed 

B.  Time  required  f(ar  current  to  reach  maximum  value  varies: 

1 .  Directly  with  inductance  in  henries 

2.  Inversely  with  resistance  in  ohms 

C.  One  time  constant  (Tb)  equals  L/R 

D.  Current  rises  (or  falls)  63.2  percent  of  the  value  remaining  during  each  time 
constant;  thus,  approximately  5TC  are  required  to  reach  maximum  (or 
mmimum)  (Transparency  2) 


E.     Number  of  time  constants  =  Rt 


where  R  is  resistance  in  ohms 
t  is  any  given  time  in  seconds 
L  is  inductance  in  henries 


(NOTE:  The  instantaneous  voltage  across  the  inductor  at  a  given  time  equals 
-Rt/L 

eL  -  E^  e        where  e  is  natural  log  base  (2.718)  and  the  voltage  across 

-Rt/L 

the  resistor  equals  ep  =  (E^)  (1  -  e  ).) 

Universal  time  constant  chart  (Transparency  3) 

A.     Current  (or  voltage)  rising  from  zero  to  maximum 

1.  1TC"63.2% 

2.  2TC"86.5^ 

3.  3TC--9B% 
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4.  4TC--98% 

5.  5TC--100% 

Current  (or  voltage)  falling  from  maximum  \ 

1.  1TC-36.8% 

2.  2TC--13.5% 

3.  3TC-5% 

4.  4TC--2% 

5.  5TC--0% 
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R  L  Circuit  and 
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E=100V 


L=2h 


+ 


R=10/\ 


I 

(amps) 


TIME: 
(Seconds) 

TIME  1 
CONSTANTS: 


(9.82) 


e?4 


TM  1 


10  100 


8  80 


6  60 


(0    S  M/) 

a  ^ 
<  4  >40 


UJ 


2 


0 


in  RL  Circuits 


Inductor  Current 
Resistor  Voltage 
Resistor  Current 


2      3      4  5 
Time-  » 


Universal  Timetonstant  Chart 


'  ■  80% 


60°/c 

PERCENTAGE 
CHANGE 

40°/c 


Inductor  current  rising 
Capacitor  voltage  charging 
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FALLING  CURVE 
Inductor  current  decaying 
Capacitor  voltage  . discharging 


t^^L  (02.Time  Constants 
r  (L/R  orRC) 
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INDUCTIVE  REACTANCE 
UNIT  IV 

ASSIGNMENT  SHEET  #1 --COMPUTE  INDUCTIVE  REACTANCE 


1 .  Write  the  formula  for  computing  inductive  reactance. 


2:  Select  the  unit'of  measure  inductive  reactance  is  expressed  in. 

a.  Henries 

b.  Ohms 

c.  Farads 

j  d.  Radians 

3.   If  the  frequency  of  the  applied  voltage  of  an  RL  circuit  is  increased,  the  inductive 
reactance  (increases)  (decreases). 

4..  rt  the  inductance  is  increased  in  a  given  circuit,  the  inductive  reactance  (increases) 
(decreases). 


5.   In  the  following  circuits,  solve  for-X^^. 


a.  = 


Ea  =  60  V,  60  Hz 


b.  = 


Li  =  25  mh 

_mrrL_ 


E    J  °°  " 
A  400  H 


"IJUULT- 

L  =  25.mh 


20  mh 


c.  X 


LT 


©  500  K  Hi 


?L=  lOph 


679 


INDUCTIVE  reactance' 
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ASSIGNMENT  SHEET  #2--C0MPUTE  APPLIED  VOLTAGE 
AND  IMPEDANCE  OF  RL  CIRCUITS 

1.  Select  true  statements  relating  to  RL  series  circuits  by  placing^n  "X"  <^the 
appropriate  blanks. 

— ^ — a.  The  current  in  a  series  RL  circuit  is  the  same  in  the  inductor  as  in  the  resistor 
(at  all  times) 

.  _b.  .In  a  purely  inductive  circuit  the  current  lags  the  applied  voltage  by  90 

degrees  (tt  /2  radians) 

 c.   In  a  practical  circuit  containing  inductance  and  resistance,  the  current  will 

lag  the  voltage  by  an  angle  somewhere  between  almost  zero  and  almost  90 
degrees 

 ^d.  The  voltage  across  the  inductor  is  always  in  phase  with  the  applied  voltage 


 e.  The  voltage  across  the  resistor  is  always  in  phase  with  the  applied  voltage' 

 f.   The  voiiage  across  the  resistor  is  always  in  phase  with  the  current  flowing 

through  the  resistor 

 g.  The  applied  v6ltac)e  is  the  vector  sum  of  the  voltage  drops  across  the  resistor 

and  the  inductor 

•  ■ 

 h.  If  100  volts  IS  applied  to  a  circuit  having  50  ohms  of  resistance  and  50  ohms  ■ 

of  inductive  reactance,  there  will  be  50  volts  across  the  resistor  and  50  volts 
,  across-the  inductor^  '  -  ' 

2.  If  there  are  10  ohms  of  resistance  in.series  with  10  ohms  of  inductive  reactance  the 
circLiit  impedance  will  be .      .  ,.  '  ohms 

.."■'./ 

3.  If  there  is  a  30  volt  drop  across  the  resistor  and  a  40  volt  drop  across  the  inductor  in  a 

series  RL  ciif  uit,  the  applied  voltage  is  volts,  and  the  cosine  of  the 

phase  angles  is-     -  ;  V  .  (Remember,  the  cosine  of  the  phase  angle 

equals  Ep,/E^,)  . 

R 

4.  Solve  as  indicated.  y\AAA  

a.  X,  =  '       .  I     •  20n  - 

^  ~    60  H"  . 

b.  .    Z  =  •  -  130v     ^  ;^L=127.4mh 

c.  I  = 
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e.     E|_  = 
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INDUCTIVE  REACTANCE 
UNIT  IV 


ASSIGNMENT  SHEET  #3-C0MPUTE  POWER  IN  REACTIVE  CIRCUITS 


1 .  List  three  ways  to  compute  true  power, 
a. 

b. 
'  c. 

2.  List  three  ways  to  compute  apparent  power, 
a. 

b. 
c. 

3.  List  three  ways  to  compute  reactive  power, 
a. 

b.  ^ 

c.  ' 

4.  List  three  ways  to  compute  power  factor,  (i.e.,  cosine  d) 
a. 

b.  '  ' 

c. 

5.  In  a  series  circuit  with  only  a  pure  inductor,  if  there  are  100  volts  and  10  amperes 
applied,  the  true  power  consumed  is    watts. 


6.   Solve  as  indicated  in  the  following  circuit. 


a. 

\  = 

b. 

z  = 

c. 

1  = 

d. 

Er  = 

e. 

R  =  lOJ^ 
-AAA^ — 


100  V 
60  H  ^ 


L  =  500  mn 
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ASSIGNMENT  SHEET  #3 


f.  PF  = 

g.  Pa» 


BE  - 

INDUCTIVE  REACTANCE 
UNIT  IV 

ASSIGNMENT  Stt£ET  #4--C0MPUTE  THE  Q  OF  .INDUCTORS 

State  the  formula  for  computing  Q.  " 

Q  =   • 

Two  inductors  have  the  same  value  of  L  but  one  has  more  resistance  in  its  wind- 
ings than  the  other.  The  one  with  the  most  resistance  has  the  (higher)  (lower)  Q. 

Select  true  statements  regarding  the  Q  of  inductors  by  placing  an  ".X"  in  the 
appropriate  Wanks. 

 a.  All  inductors  have  some  resistance. 

 t>.  High  Q  coils  usually  have  relatively  little  resistance. 

 c.   In  general,  high  Q  coils  have  greater  energy  storage  atiility  than  do  low  Q 

coils. 

 d.  Since  Q  equals  X,  divided  by  R    an  inductor  having  a  Q  of  "100"  means 

"    that  it  has  100  ohms.  -  ^ 

A  coil  is  measured  with  a  DC  ohmmeter  as  having  0.5  ohms  resistance.  If  the  coil 
has  an      of  300  ohms,  the  Q  is  __. 

Increasing  the  angular  velocity  slightly  (increases)  (decreases)  the  Q  of  the  coil. 

An  inductor  has  an  internal  resistance  of  1/2  ohm  and  is  rated  at  500  mh.  If  10  volts  at 
60  hertz  is  applied,  the  Q  of  the  inductor  is 
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ASSIGNMENT  SHEET  #5-S0LVE  TIME  CONSTANT  PROBLEMS 


The  percentages  in  the  universal  time  constant  chart  show  in  a  series  RL  DC  circuits  as 
(check  the  correct  statements.) 


a.  current  increase  on  Curve  B 

b.  current  increase  on  Curve  A 

c.  currentdecrease  on  Curve  B 

d.  current  decrease  on  Curve  A 


— ^  ^  1 — — ♦  • 

ITC     2tC     3TC     4TC  5TC 


Time  Constants 


Refer  to  the  chart.  How  many  time  constants  are  required  for 
.  a.   Current  rise  to  maximum  value? 


b.'  Current  decay  from  maximum  to  zero? 
Refer  to  Curve  A  only  in  the  chart.  At  ITC,  what  is  the  percentage  of  current  increase? 


What  is  the  percentage  of  current  increase  at  2TC? 


What  is  the  percentage  of  rise  at  3TC?  4TC? 


In  effect;  when  \he  switch  is  turned  off  and  current  starts  to  decay,  it  will  have 
dropped  to  what  percentage  of  its  maximum  value  at  1TC?{the  first  percentage  on  the 
8  curvej.   


What  is  the  percentage  decay  at  2TC?  3TC? 


ASSIGNMENT  SHEET  #5 


Using  the  following  circuit  and  the  universal  time  constant  chart,  answerShe  questions 
below  the  circuit. 


r 


-o — o- 


10  Volts 


-AA/V  

1/2/1 

500  mh 


a. 
b. 
c. 
d. 


The  maximum  current  that  will  flow  in  the  circuit  is 
The  time  for  one  time  constant  is 


amps. 


The  time  required  to  reach  the  maximum  current  after  switch  closure  i 


ts 


The  time  required  to  reacK  19  amperes  is_ 
switch  closure. 


seconds  after 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

1.  X,_  =  cj  L  or  X,_=  27r  fL 

2.  b 

3.  Increases 

4.  Increases 

5.  a.     7.54  ohms 

b.  125.7  ohms 

c.  50  ohms 

d.  31.4  ohms 

Assignnnent  Sheet  #2 


a. 

True 

b. 

True 

c. 

True 

d. 

raise 

e. 

False 

f. 

True 

g. 

.  je 

h. 

False 

14.1  ohms 

2. 

3.  50  volts;  30/50  or  0.6 

4.  a.     48  ohms 

b.  52  ohms 

c.  2.5  amperes 

d.  50  volts 

e.  120  volts 

Assignment  Sheet  #3 

1-  Pt=I^^'  b.     Pt=ErIr  c.  Pt=EI(PF) 

or  E  Icos  0 

2-  Pa=EI  b.     P^=|2z  c.     Pa  =  (e2)/Z 
^  2 

^-  ^-     ^X"'  ^  t)-     ^X'^x'x  ^-    .Px  =  ElsinO 

4.  a.     PF  =  P-p/P^  b.     PF  =  Er/E^  c.     PF  =  R/Z 

5.  0 
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6.  a.  188.5  ohms 

b.  188.8  ohms 

c.  ,53  amps 

d.  5.3  volts 

e.  99.9  volts 

Assignment  Sheat  #4 

1.  Q  =  Xl/R3 

2.  *  Lower 

3.  a.  True 

b.  True 

c.  True 

d.  False 

4.  600 

5.  Increases 

6.  377 

Assignment  Sheet  #5 

1.  b,  c 

2.  a.  5 
b.  5 

3.  63.2% 

4.  86.5% 

5.  95%,  98% 

6.  36.8% 

7.  13.5%,  5% 

8.  a.     20  amperes 

b.  1  second 

c.  5  seconds 

d.  3  seconds 


f.  0.053 

g.  53  volt-amperes 

h.  2.81  watts 

i.  52.95  vars 
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INDUCTIVE  REACTANCE 
UNIT  IV 


JOB  SHEET  #1.-3H0W  THE  EFFECT  OF  INDUCTANCE  IN  AC  CIRCUITS 

I.      Tools  and  materials 

A.  Filter  choke  approximately  2h  or  larger 

B.  75  ohm,  1  watt  resistor 

C.  DC  and  AC  milliammeters 
_  D.  Multimeter 

E.     AC  and  DC  power  supplies 
II.  Procedure 

A.  Connect  the  75  ohm  resistor  and  DC  ammeter  in  series  with  the  DC  power 
supply 

B.  Adjust  the  voltage  until  there  are  5  volts  across  the  resistor 

C.  Record  the  ammeter  indication;  then  compute 

(NOTE:  Rdc=E/I.) 

D.  Connect  the  75  ohm  resistor  and  AC  ammeter  in  series  with  the  AC  power 
supply 

E.  Adjust  the  voltage  until  there  are  5  volts  across  the  resistor;  then  record  the 
current  from  the  ammeter  and  compute  R^^ 


F. 


(NOTE:    R^^  =  E/l.) 

Compare  R^^  and  R^q  and  explain  differences  noted,  if  any 


G.  Connect  the  filter  choke  (inductor)  and  DC  ammeter  in  series  with  the 
DC  power  supply 

H.  Adjust  the  DC  power  supply  until  there  are  5  volts  across  the  choke;  read  the 
current  indication  on  the  ammeter  and  compute  ^^QQ^ 

<^OTE:  Zl(dc)  =  El/Il-) 

I.  Repeat  step  H  using  the  AC  ammeter  and  AC  power  supply  and  compute 
^L(AC) 

<NOTE:Zl(ac)  =El/1l.) 

J.     Compare  the  current  recorded  in  step  H  with  that  recorded  in  Step  I  and 
explain  any  differences  noted 


134-D 


ERIC 


JOB  SHEET  #1 


K.     Use  the  filter  choke  value  (henries)  and  the  voltage  frequency  to  com- 


pute X|_ 


L.  .  Compare  the  computed       (Step  K)  with  the  DC  impedance  (Step  H)  and 
with  the  AC  impedance  (Step  I) 

M.    Explain  any  differences  noted 


/ 


/ 
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'  INDUCTIVE  REACTANCE  ^ 
UNIT  IV 


JOB  SHEET  #2"S0LVE  FOR  VALUES  OF  AN  OPERATING  RL  CIRCUIT 


Tools  and  materials 

A.  Filter  choke  approximately  2h  or  larger 

B.  Resistor,  750  ohms,  5  watts 

C.  AC  power  supply 


D.    AC  ammeter 


E. 
F. 


Multimeter 
Switch 


\ 


Procedure 


A.  Measure  and  record  the  resistance  of  the  inductor  (filter  choke)  with  your 
ohmmeter  (NOTE:  This  is  the  DC  resistance  (Rqq)  of  the  coil.) 

B.  Measure  and  record  the  value  of  the  750-ohm  resistor 

C.  Connect  the  circuit  as  shown  in  the  following  schematic  (Figure  1) 


E. 
F. 
G. 
H. 


FIGURE  1 

D.     Connect  an  AC  voltmeter  across  the  AC  supply,  close  the  switch  and  ad- 
just  the  AC  input  until  the  meter  indicates  100  volts 


Read  and  record  the  voltage  across  R  (Ep) 

Read  and  record  the  voltage  across  L  (Ej^) 

Read  and  record  the  applied  voltage  (across  both  R  and  L) 

FJead  and  record  the  current  flowing  in  the  circuit  (I) 


JOB  SHEET  #2 


Compute  the  vafue  of 

Add  the  coil's  D/f  resistance  (Step  A)  an'd  the  resistor  value  (Step  B)-  then 
multiply  this  valWjby  the  circuit  current  and  compare  the  result  with  the 
applied  voltage- (E^)  observed  in  step  G 

Arithr^etically  add  E^  (Step  E)  and  El  (Step  F)  and  compare  with  E^ 

Rep2t  Step  K  but  use  the  formula  E,  =a/ed^  +  E  ^ 
/  ;  ^    A     y   R  L 

•  Multiply  the  current  (Step  H)  and  the  computed  value  of  X,  (Step  I)  and 
compare  the  result  with  E^  (Step  F)  ^       ^^  w  duu 

Make  a  vector  diagram  to  scale  (Figure  2)  Showing  the  values  Of  Ep  E,  and 
b,,  letting  E^  be  the  hypotenuse  of  the  right  triangle  formed  by  sides  E„ 
and  b^;  explain  any  differences  noted  " 


Ea 


•0°I 


FIGURE  2 

Discuss  and  explain  differences  observed  with  your  instructor 
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NAME 
TEST 


Match  the  terms  on  the  right  with  their  correct  definitions. 


a.  The  angle  that  the  current  leads  or  lags 
the  voltage  in  an  AC  circuit 


^b.  The  product  of  reactive  voltage  and  am- 
peres in  an  AC  circuit 

_c.^  Opposition    to    current    including  bcth 
'  resistance  and  reactance 


j_d.  Opposition  to  current  resulting^  in  energy 
dissipation 


_e.  Circuit  opposition  -  caused  by  inductance 
_f.  The  product  of 'volts  and  amperes  in  an 


AC  circuit 


__g.  The  rate  of  change  of  cfyclical  motion 


_h.  Opposition  to  current  caused  by  voltage 
9r  current  changes  not  resulting  in  energy 
^  dissipation 

_i.  The  time  required  for  an  exponential  quantity 
to  change  by  an  amount  equal  to  0.632  times 
the  total  change  that  will  occur* 


J.   The  ratio  of  true  power  to  apparent  power  in 
an  AC  circuit 

_k.  The  rate  of  energy  consumption  in  a' circuit 


1.  Resistance  • 

2.  Reactance 

3.  Impedance 

4.  Inductive  reactance 
5. .  Power 

6.  Reactive  power 

7.  Apparent  power 

8.  Power  factor 

9.  ^  Phase  angle 

10.  Angul^  velocity 

11.  Time  constant 


Match  the  symbols  on  the  right  with  their  correct  definitions. 
 a.   Reactance  in  ohms 


b.  Inductive  reactance  in  ohms 

c.  Frequency  in  hertz 

d.  Resistance  in  ohms 


 e.  Angular  velocity  in  radians  per  second 

 f.   Impedance  in  ohms 

 g.  /  Radians  in  one  cycle 

 h.  Reactive  apparent  power 

 i.    Power  factor 

List  three  factors -needed  ta  compute  inductive  reactance,  X 

a.   ' 

b. 


c. 


State  the  formula  for  computing  inductive  reactance. 


Select  true^  statements  describing  current  and  voltage  relationships  in  RL  circuits  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Current  leads  voltage  by  90°  in  a  pure  inductive  circuit 

 b.  Current  lags  voltage  by  90°  in  a  pure  inductive  circuit 

 c.  Current  and  voltage  are  in  phase  in  a  pure  inductive  circuit 

 d.  Current  and  voltage  are  in  phase  in  a  pure  resistive  circuit 

 e.  Current  lags  voltage  between  0°  and  90°  ihvT^L  circuit,  depending  upon 

relative  amounts  of  R  and  L  present,  and  frequency  of  appTied  voltage  or 
current  ^  "  ^ 


2.  VARS 

3.  Z 

4.  f 

5.  cj 

6.  X 

7.  PF 

8.  R 

9.  27T 


Compute  the-applied  voltage  and  impedance  in  a  series  RL  circuit  in  which  the  voltage 
across  the  resistor  is  50  volts,  the  voltage  across  the  inductor  is  120  volts  and  the 
current  is  13  milliamps. 

a.  Applied  vqltage  is  ^volts 

b.  Impedance  is  :   ohms 

State  three  formulas  for  determining  true  powers  ^-.^  * 

a. 


b. 
c. 


State  three  formulas  for  determining  apparent  power. 

a.  

b. 
c. 


State  three  formulas  for  determining  reactive  power. 

a.   

b. 


State  four  formulas  for  determining  power  factor. 

a.  _^  

b.  

c.  

d. 


State  the  formula  for  determining  quality  factor  (Q)  or  figure  of  merit  of  an  inductor. 


IHU-U 


12.  Select  true  statements  concerning  inductive  time  constants  by  placing  an  "X"  in 
the  appropriate  blanks.  > 

 a.   In  the  RL  circuit  connected  to  DC,  the  current  immediately  rises  to  the 

Ohm  s  law  value  when  switch  is  closed 

 b.  The  time  required  for  current  to  reach  maximum  value  varies  inversely 

with  inductance  in  henries 

 c.  The  time  required  for  current  to  reach  maximum  value  varies  inversely 

with  resistance  in  ohms 

 d.  During  each  time  constant,  the  current  rises  (or  falls)  63.2  percent  of  the 

value  remaining 

 ^e.  During  each  time  constant,  the  current  rises  (or  falls)  36.8  percent  of  the 

value  remaining 

 j'   One  time  constant  'equals  L/R 

 9    One  time  constant  equals  X^/R 


13.   Complete  the  labels  on  a  universal  time  constant  chart  to  indicate  current  (or  voltage) 
rismg  from  zero  to  maximum  and  current  or  voltage  falling  from  maximum  to  zero. 


-  100% 


2         3  4 
Time  Constants 

14.  Compute  inductive  reactance. 

1 5.  Compute  applied  voltage  and  impedance  of  R  L  circL  .ts. 

16.  Compute  power  in  reactive  circuits. 

17.  Compute  the  Q  of  inductors. 


ERIC 


18.  Solve  time  constant  problems. 

19.  Demonstrate  the  ability  to: 

a.  Show  the  effect  of  inductance  in  AC  circuits.  - 

b.  Solve  for  values  of  an  operating  RL  circuit. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 


ERIC 
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INDUCTIVE  REACTANCE 
UNIT  IV 


ANSWERS  TO  TEST 


1.  a.  9  g.  10 

b.  6  h.  2 

c.  3  i.  11 

d.  1  j.  8 

e.  4  k.  5 

f.  7 

2.  a.  6  f.  3 

b.  1  g.  9 

c.  4  h.  2 

d.  8  i.  7 

e.  5 

3.  a.  cj -Angular  velocity  in  radians  per  second 

b.  L-lnductance  in  henries 

c.  f--Frequency  in  hertz 

4.  =  cj  L  =  27r  fL 

5.  b,  d,  e 

6.  a.  130  volts 

b.  1 0,000  ohnns 

7.  a.  P-r=  I^R 


T 

Pj  =  El"  cos  0  or  El  (PF)  where  PF  is  the  power  factor 


b.  Pj=E^\^ 


8.  a.  Pa  =  EI 

b.  P^=|2Z 

c.  Pa=e2/Z 

9.  a.  Px  =  I^X 
b.  Px  =  Exlx 


c.     Px  =  El  sin  0  where  sin  0  =  Epj/E^  or  R/X 


10.   a.  PF  =  Py/P^ 

b.  PF  =  E^/E^ 

c.  PF  =  R/Z 

d.  PF  =  cos  0  where  9  is  angle  between  current  and  voltage 

Q  =         where  X^  is  inductive  reactance  in  ohms  and 
Rj  Rj  is  series  resistance  in  ohms 
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13.  a.  63.2 

b.  36.8 

c.  98.2 

d.  1.8 

e.  Rising  curve 

f.  Falling  curve 

'  14.  Evaluated  to  the  satisfaction  of  the  instructor. 

15.  Evaluated  to  the  satisfaction  of  the  instructor. 

16.  Evaluated  to  the  satisfaction  of  the  instructor. 

17.  Evaluated  to  the  satisfaction  of  the  instructor. 

18.  Evaluated  to  the  satisfaction  of  the  instructor. 

19.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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CAPACITANCE 
UNIT  V 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  select  true  statements  concern- 
ing the  functions  of  capacitance  in  electric  circuits  and  state  formulas  for  capacitance.'The 
student  should  also  be  able  to  test  capacitors  with  an  ohmmeter  and  determine  the  effect  of 
AC  and  DC  on  capacitors.  This  knowledge  will  be  evidenced  by  correctly  performing  the 
procedures  outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit 
test. 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  capacitance  with  their  correct  definitions. 

2.  Match  symbols  and  abbreviations  concerning  capacitance  wi.th  their  correct 
meanings. 

3.  Select  true  statements  describing  the  functions  of  capacitance  in  electric  circuits. 

4.  Select  true  statements. concerning  capacitor  construction. 

5.  Select  true  statements  regarding  the  DC  charging  and  discharging  of  a  capacitor. 

6.  Select  true  statements  concerning  the  formula  for  capacitance. 

7.  State  the  formula  for  total  capacitance  of  capacitors  in  parallel. 

8.  State  the  formula  for  total  capacitance  of  several  unequal  capacitors  in  series. 

9.  State  the  formula  for  total  capacitance  of  two  capacitors  in  series. 

10.  State  the  formula  for  total  capacitance  of  capacitors  of  equal  value  in  series. 

11.  Name  types  of  capacitors. 


SPECIFIC  OBJECTIVES 


12 


State  two'  rules  concerning  capacitor  color  coding. 


13 


Compute  capacitance  values. 


14 


Demonstrate  the  ability  to: 


a. 


Test  capacitors  with  an  ohmmeter. 


b. 


Examine  the  construction  of  a  capacitor. 


c. 


Determine  the  effect  of  AC  and  DC  on  capacitors. 
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'CAPACITANCE 
UNIT  V 


SUGGESTED  ACTIVITIES 


I.  Proyide  student  with  objective  sheet. 

II.  ^     Provide  student  with  information,  assignment,  and  job  sheets. 

I I I.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VII.  Demonstrate  the  operation  of  capacitance  measuring  instruments. 
VIII.  Give  test.  ^ 

INSTRUCTIONAL  MATERIALS 

I.        Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1-Capacitor  Construction 

2.  TM  2-Plate  Area 

3.  TM  3-Plate  Distar^ce 

4.  TM  4-Effect  of  the  Dielectric 

5.  TM  5-Electric  Fiefd  Effect  on  Dielectrics 

D.  Assignment  Sheet  #l-Compute  Capacitance  Values 

E.  Answers  to  assignment  sheet 

F.  Job  sheets 

1.  Job  Sheet  #l-.Test  Capacitors  With  an  Ohmmeter 

2.  Job  Sheet  #2-Examine  the  Construction  of  a  Capacitor 

3.  Job  Sheet  #3-Determine  the  Effect  of  AC  and  DC  on  Capacitors 
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G.  Test 

H.  Answers  to  test  •  . 
References: 

A.  Grob,  Bernard.    Basic  Electronics,    New  York:    McGraw-Hill,  1977. 

B.  Sasic  Electricity/Electronics,  Book  2.  Natchitoches,  LA:  Louisiana  Voca- 
tional Curriculum  Development  Center,  1979. 
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INFORMATION  SHEET 


Terms  and  definitions 

A.  €apacitance-The  property  of  conductors  and  dielectrics  that'^ermits  storage 
of  electrical  charges  when  voltage  exists  between  the  conductors 

B.  Capacitor-A  device  which  introduces  capacitance  into  an  electric  circuit 

C.  Dielectric--The  insulating  material  between.the  plates  of  a  capacitor 

D.  Farad--The  unit  of  capacitance 

E.  Coulomb-The  unit  of  quantity  of  electricity  equal  to  6.28  x  lO^S  electrons 

F.  Dielectric  constant-The  relative  ability  of  an  insulator  to  concentrate 
electric  flux 


Symbols  and  abbreviations 

A.  Fixed  capacitor-  j  |^ 

B.  Variable  capacitor-  - 


or 


C.  Farad-f  (also  fd,  F,  or  Fd) 

D,  Capacitance-'C 

E,  Charge-Q  or  q 

F.  Dielectric  constant--K 
Functions  of  capacitance 

A.  When  the  voltage  increases,  capacitance  tries  to  hold  it  down 

B.  When  the  voltage  decreases,  capacitance  tries  to  hold  it  up 

C.  In  addition  to  opposing  a  change  in  voltage,  capacitance  can  be  used  to: 

1.  Store  electrical  energy 

2.  Block  the  flow  of  DC 

3.  Permit  the  apparent  flow  of  AC  in  the  circuit 


INFORMATION  SHEET 
Capacitor  construction  (Transparency  1), 

A.  The  larger  the  plate  area  the  larger  the  capacitance  (Transparency  2) 

B.  The  closer  the  p'ates  the  greater  the  capacitance  (Transparency  3) 

C.  The  larger  the  dielectric  constant,  the  larger  the  capacitance  (Transparencies 
4  and  5) 

D.  -  Conclusions: 

1 .  Capacitance  is  directly  proportional  to  area  of  plates 

2.  Capacitance  is  directly  proportional  to  relative  dielectric  constant 

3.  Capacitance  is  inversely  proportional  to  distance  between  plates 

(NOTE:  C  =  . 224  ^  (n-r) 
d 

where      C  is  capacitance  in  picofarads 
K  is  dielectric  constant 
A  is  plate  area 
d  is  distance  between  plates 
n  is  number  of  plates)' 

DC  charging  and  discharging  of  a  capacitor  (Transparency  5) 

A.  Applying  DC  voltage  results  in:  (Figure  1) 

1.  Charging  current  flowing  from  one  piate  to  the  other 

2.  Dielectric  electrostatic  field 

B.  Discharging  results  in.  (Figure  2) 

1 .  Capacitor  acting  as  a  source  of  energy 

2.  DiiCharge  current  flowing  from  one  plate  to  other 

3.  Removal  of  electrostatic  field 
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INFORMATION  SHEET 


C.     Current  does  not  flow  through  the  capacitor 

(CAUTION:  A  charged  capacitor  is  an  energy  source  and  ca>i  result  in  a 
shock  if  the  leads  are  touched.) 


CHARGING 


DISCHARGING 


Switch 


-zz.  Electrostatic      I4-  +  4-- 


Switch 


Plate 


—  Field 


VI. 


VII. 


+ 


Dielectric  c=_ 


i=±: 


Charging  Current 


Plate  r 


'  —       p  <  Discharging 

Current     '  ~, !  \ 


Plate 


Plate 


AmmetBr 
FIGURE  1 


Ammeter 
FIGURE  2 


Formula  for  capacitance 

A.  Q  =  CxEorC  =  Q/E;  that  is,  farads  equal  coulombs  per  volt 
1.   Q  is  charge  in  coulombs 

no.  ♦ 

I.   C  IS  capacitance  in  farads 
3.   E  is  voltage  in  volts 

B.  Capacitors  usually  are  made  in: 

1.  Microfarads  (juf)  or  1  x  10'^  farads'  ' 

2.  Picofarads  (pf)  or  1  x  10"''^  farads  (sometimes  written  as  "MMf") 
(NOTE:  A  farad  is  a  large  unit.) 

Formula  for  total  capacitance  of  capacitors  in  parallel- 

Ct=Ct  +  C2  +  C3...  ■ 

(NOTE:  The  effect  is  the  same  as  increasing  plate  area  and  the  voltage  breakdown 
ot  parallel  capacitors  equals  the  lowest  value  of , any  one.) 

VIII.       Formula  for  total  capacitance  of  several. unequal  capacitors  in  series- 


T 


i/c^  +  1/C2... 


(NOTE;  The  effect  is  the  same  as  increased  spacing  between  plates.) 
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INFORMATION  SHEET 


Formula  for  tota'  'capacitance  of  two  capacitors  in  series-- 


C   =   ^1  ^  ^2 
^  C^+C2 


Formula  for  total  capacitance  of  capacitors  of  equal  size  in  series- 
C    =  ^1 

(NOTE:  Capacitorsm  parallel  are  computed  like  resistors  in  series,  and  capacitors 
in  series  are  computed  like  resistors  in  parallel.) 

Types  of  capacitors 

A.  Air  dielectric 

B.  Paper 

C.  Mica 

D.  Ceramic 

E.  Electrolytic  (polari;!ed) 

(NOTE:  Electrolytic  capacitors  can  be  made  of  aluminum,  tantalum,  or 
niobium.) 


Capacitor  color  coding  ^ 

A.  Color  code  values  are  the  same  as  resistor  color  codes 

B.  Color  code  values  are  always  expressed  in  pf  units 


V.-' 


Capacitor  Construction 


Plate 


Lead 


Plate  . 


Plates  are 
made  of 
conductors  (metals) 


\ 


Lead 


Dielectric 


Dielectric  materials 
are  made  of  insulators 
(air,  mica,  wax  paper) 
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Plate  Area 


Larger  plates  hold  more  electrons, 


Increased  plate  area  increases  capacitance, 


Plate  Distance 


The  dislance  between  two  ctiarges  determines  their  effect  on 
one  another.  . 


Increasing  the  distance  between  the  plates  decreai  9S  capaci- 
tance, 


Effect  of  the  Dielectric 


Typical  Dielectrics 

Type 

Constant 

Breakdown 

Air 

1,0 

Mica 

5.4 

5000V/Mil 

Teflon 

2,1 

1500V/Mil 

Paper 

3,0 

'200V/Mil 

Dielectrical  material 
is  air. 


Dielectrical  material 
is  mica. 

Mica  dielectric  increases 
the  capacitance. 


Changing  the  dielectric  material  changes  the  capacitance. 


CD 

m 


U1 
(0 
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Electric  Field  Effect  on  Dielectrics 


No  Voltage 


Field 


Capacitor 
Plate 


Voltage  Applied 
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UNIT  V 


ASSIGNMENT  SHEET  #1-C0MPUTE  CAPACITANCE  VALUES 


1.  Write  the  formula  showing  the  relationship  between  farads,  volts,  and  electric  charqe 
(or  quantity).  .         j  a  yc 

2.  If  50  volts  is  applied  to  the  following  capacitors,  compute  the  amount  of  charqe 
that  will  appear  on  the  plates.  ' 


a.  2  f  =  _ 

b.  2Ai  f  = 

c.  2  pf  = 


_  coulombs 
coulombs 
coulombs 


d.     100Aif  = 


coulombs 


3.   In  the  following  circuits  solve  for  the  total  capacitance,  Cj. 


a.     Cj  = 


b.     Cj  = 


c.      Cj  = 


70  pf 


70  pf 


-^35  pf  — L-asjjf 
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CAPACITANCE 
UNIT  V 


ANSWERS  TO  ASSIGNMENT  SHEET  #1 


1.  Q  =  CE 

2.  a.  100 

b.  100x10"^ 

c.  100  X  10"^  2 

d.  5000  X  10"^  (or  5  X  10  '^) 

3.  a.  .2.5  Mf 

b.  40  nf 

c.  23.3  pf 
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CAPACITANCE 
UNITV 

JOB  SHEET  #V-TEST  CAPACITORS  WITH  AN  OHMMETER 

Tools  and  materials 

A.  Ohmmeter 

B.  ,  3  capacitors  (large,  medium,  small  e.g.  less  than  0.1  /if) 

C.  1  shorted  capacitor 

D.  1  open  capacitor 

E.  1  leaky  capacitor 
Procedure 

A.  Place  the  ohmmeter  leads  across  the  large  (good)  capacitor 

B.  Note  the  swing  of  the  needle  across  the  scale  to  zero  and  its  return  to  infin- 
ity as  the  capacitor  is  charged  by  the  ohmmeter  loattery 

C.  Repeat  step  A  and  B  with  the  medium  and  with  the  small  (good)  capaci- 
tors 

<r  ' 

D.  Note  the  smaller  deflection  of  the  needle  during.c^arge 
EV.    Place  the  ohmmeter  leads  across  the  open  capacitor 

F .  Note  the  lack  of  any  deflection  of  the  ohmmeter  needle,  indicating  no 
current  path 

G.  Place  the  ohmmeter  leads  across  the  shorted  capacitor  . 

H.  Note  that  the  needle  indicates  zero  ohms  resistance  (no  return  toward 
infinity  and  thus  no  charging  of  the  capacitor  plates) 

I.  Place  the  ohmmeter  leads  across  the  leaky  capacitor 

J.     Note  the  return  of  the  needle  to  some  specific  resistance  indication  rather 
than  a  return  to  infinity 

K.     Place  the  ohmmeter  leads  across  the  medium  sized  (good)  capacitor  and 
permit  the  indication  to  return  to  infinity 

L.     Reverse  the  ohmmeter  leads  and  observe  the  difference  in  initial  ohmmeter 
needle  indication 

M.    Repeat  steps  K  and  L  using  the  small  (good)  capacitor 

N.     Discuss  your  findings  with  your  instructor 

0.     Return  tools  and  materials  to  proper  storage  area 
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CAPACITANCE 
UNITV 

JOB  SHEET-#2-EXAMINE  THE  CONSTRUCTION  OF  A  CAPACITOR  • 

I.  Tools  and  materials 

A.  One  paper  capacitor 

B.  Electrician's  knife  - 

II.  Procedure 

A.  Scrape  the  wax  coating  off  the  exterior  of  the  capacitor 

B.  Cut  through  the  outermost  paper  of  the  capacitor  being  careful  not  to 
cut  through  more  than  one  "layer"  of  the  capacitor 

(CAUTION:  Be  extremely  careful  with  the  knife.) 

C.  '  Unroll  the  capacitor 

D.  Note  the  method  of  attaching  the  leads  and  the  technique  uSed  during 
manufacture  of  rolling  the  two  plates  .  ^cu  uunny 

E.  Discuss  your  findings  with  your  instructor  ;       ~  . 
Clean  work  area  and  return  materials  to  proper  storage  area 


fi9 
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UNIT  V 


JOB  SHEET  #3-DETERMI.NE  THE  EFFECT  OF  AC  AND  DCOISf  CAPACITORS 


I.      Tools  and  materials 

A.  DC  power  supply,  0'40v 

B.  AC  power  supply,  0'40v 

C.  Electrolytic  capacitor,  approximately  10  /if,  lOOWVDC 
(NOTE:  Two  5  /if  capacitors  may  be  used.) 

D.  Miniature  lamp  and  holder 
II.  Pi^cedUre 


Use  the  DC  power  supply,  capacitor,  and  lamp,  and  connect  the  circuit 
as  shown  in  Figure  1 

FIGURE  1 


B.  Turn  oh  the  power  supply  and  adjust  to  20  volts  DC 

C.  Observe  whether  or  not  the  lamp  lights  - 

D.  Return  the  voltage  to  zero 

E.  Turn  off  the  power  supply 

F.  Disconnect  the  circuit  from  the  DC  power  supply. 

G.  Connect  the  circuit  to  the  AC  power  supply 

H.  Turn  on  the  AC  power  supply  and  adjust  to  20  volts  AC 

I.  Obsen/e  whether  or  not  the  lamp  lights  and  compare  with  results  obtained  in 
Step  B 

I  . 

J.  Return  the  voltage  to  zero 

K.  Disconnect  the  circuit  ^ 

L.  Return  tools  and  materials  to  proper  storage  area 


Power 
Supply 


Capacitor 
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NAME 
TEST 


Mp'Oh  the  terms  on  the  right  to  the  correct  definitions. 

 a-  The  insulating  material  between  the  plates  of 

a  capacitor 

 b.  The  unit  of  quantity  of  electricity  equal  to 

6.28  X  10^8  electrons 


_c.  The^  property  of  conductors  and  dielec- 
trics that  permits  storage  of  electrical  charges 
when  voltage  exists  between  the  conductors 

_d.  A  device  which  introduces  capacitance 
into  an  electric  circuit 

_^e.  The  unit  of  capacitance 


1.  Capacitance 

2.  C;jpacitor 

3.  Dielectric 

4.  Dielectric  constant 

5.  Farad 

6.  Xoulomb 


J.  The  relative  ability  of  eu  insulator  to  concen- 
trate electric  flux 


Match  the  symbols  and  abbreviations  on  the  right  with  their 

 _a.  Fixed  capacitor 

 b.  Variable  capacitor 

c.  Farad 


_d.  Capacitance 
_e.  Charge 
f.   Dielectric  constant 


correct  meanings. 

1.  K 

2.  or  —I  f 

3.  Qorq 

5.  C 


6.  f 


Select  true  statements  describing  the  functions  of  capacitance  in 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Stores  electrical  energy 

b.  Permits  the  flow  of  DC 


electric  circuits  by 


_c.  Blocks  the  flow  of  DC 

_d.  Per  lits  the  apparent  flow  of  AC  in  the  circuit 

_e.  Blocks  the  flow  of  AC 

_f.  When  voltage  increases,  capacitance  tries  to  hold  it  up 


Select  true  statements  concerning  capacitor  construction  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a-  The  larger  the  plate  area  the  larger  the  capacitance 

 b.  The  closer  the  plates  the  greater  the  capacitance 

 c.  The  larger  the  dielectric  constant,  the  snnaller  the  capacitance 

 d.  Capacitance  is  directly  proportional  taarea  of  plates 

 e.  Capacitance  is  invjrsely  proportional  to  area  of  plates 

 Capacitance  is  directly  proportional  to  relative  dielectric  constant 

 9-  Capacitance  is  inversely  proportional  to  relative  dielectric  constant 

 h.  Capacitance  is  directly  proportional  to  distance  between  plates 

 Capacitance  is  inversely  proportional  to  distance  between  plates 

Select  true^statennents  regarding  the  DC  charging  and  discharging  of  a  capacitor  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a*  Charging  current  flows  fronn  one  plate  to  the  other  through  the  dielec- 
tric 

 b.  When  charged,  a  capacitor  has  a  dielectric  electrostatic  field 

 There  is  a  snnall  annount  of  current  that  flows  in  the  external  circuit  from 

one  plate  to  the  other  when  charging  and  when  discharging 

 _d.  Discharging  removes  the  electrostatic  field 

Select  true  statements  concerning  the  formula  for  capacitance  by  placing  an"X" 
in  the  appropriate  blanks. 

 a.  Farads  equal  coulombs  per  volt 

 ^b.  Farads  equal  volts  per  coulomb 

 c.  Coulombs  equal  farads  per  volt 

 d.  Coulombs  equal  volts  per  farad 

 e.  Capacitors  usually  are  made  in  microfarads  (/if)  or  picofarads  (pf) 

State  the  formula  for  total  capacitance  of  capacitors  in  parallel. 
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8.  Sljte  the  formula  ^or  totcl  capacitance  of  several  unequal  capacitors  in  series. 

9.  Statt  .he  formula  for  total  capacitance  of  two  capacitors  in  series. 

10.  State  the  formula  for  total  capacitance  of  capacitors  of  equal  value  in  series. 

1 1 .  Name  three  types  of  capacitors. 

a.  

b.  

c.  

1 2.  State  two  rules  concerning  capacitor  color  coding. 

a.  

b.  .  

^3.   Compute  capacitance  values. 

14.   Demonstrate  the  ability  to: 

a.  Test  capacitors  with  an  ohmmeter. 

b.  Examine  the  construction  of  a  capacitor. 

c.  Determine  the  effect  of  AC  and  DC  on  capacitors. 

(NOTE:  If  these  activities  are  not  accomplishea  prior  to  the  test,  a^k  your  instructor 
when  they  should  be  completed.) 
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UNIT  V 


ANSWERS  TO  TEST 


1.  a.     3  d.  2 

b.  6  e.  5 

c.  1  f.  4 

2.  a.     4  d.  5 

b.  2  e.  3 

c.  6      '      f.  1 

3.  a,  c,  d 

4.  a,  b,  d,  f,  i 

5.  b,  c,  d 

6.  a,  e 

7.  C^  =  Ci+C2  +  C3... 


T    1/C^  +  1/C2... 

9.  C,  X  C^ 

C    =    1  2 
T 


C  <j  X  C2 


10.  r  -  Ci 

1 1 .  Any  three  of  the  following: 

a.  Air  dielectric 

b.  Paper 

c.  Mica 

d.  Ceramic 

e.  Electrolytic 

1 2.  a.     Color  code  values  are  the  same  as  resistor  color  codes 
b.     Color  code  values  are  always  expressed  in  pf  units 

13.  Evaluated  to  the  satisfaction  of  the  instructor 

14.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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RCTIME  CONSTANTS 
UNIT  VI 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  complete  statements  con- 
cerning charging  and  discharging  an  RC  circuit,  and,  match  illustrations  of  waveshapes 
with  the  values  they  reflect.  The  student  should  also  be  able  to  list  the  units  of  measurement" 
on  a  universal  time  constant  chart,  list  the  units  of  measurement  for  various  exponential 
formulas  in  an  RC  circuit,  and  be  able  to  determine  the  constants  of  RC  circuits  and 
construct  a  neon  bulb  flasher.  This  knowledge  will  be  evidenced  by  correctly  performing  the 
procedures  outlined  on  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit 
test. 


SPECIFIC  OBJECTIVES 
After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  RC  time  constants  with  their  correct  definitions. 

2.  Complete  statements  concerning  charging  an  RC  circuit  by  referring  to  an  illustra- 
tion. 

3.  Match  illustrations  of  waveshapes  during  the  charge  of  an  RC  circuit  with  the 
values  they  reflect. 

4.  Complete  statements  concerning  discharging  an  RC  circuit  by  referring  to  an 
illustration. 

5.  Match  illustrations  of  waveshapes  during  discharge  of  an  RC  circuit  with  the 
values  they  reflect.  ^ 

6.  State  the  formulas  for  computing  time  constant. 

7.  List  the  units  of  measurement  of  the  horizontal  and  vertical  axes  on  a  universal 
time  constant-chart. 

8.  List  units  of  measurement  in  the  exponential  formulas  for  voltage  across  a 
capacitor  and  voltage  across  a  resistor  in  an  RC  circuit  when  the  formulas  are 
given. 

9.  List  units  of  measurement  in  the  exponential  formula  for  the  charge  cjrrent 
of  an  RC  circuit  when  the  formula  is  given. 

10.  List  units  of  measurement  in  the  exponential  formula  fo:  the  voltage  across 
a  resistor  during  discharge  of  an  RC  circuit  when  the  formula  is  given. 

1 1 .  Review  series  RC  and  R  L  circuit  characteristics. 


180-D 


1 2.  Compute  RC  time  constants. 

13.  Demonstrate  the  ability  to: 

a.  Determine  time  constants  of  RC  circuits. 

b.  Construct  a  neon  bulb  flasher. 


7jy 
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RCTIME  CONSTANTS 
UNIT  VI 


SUGGESTED  ACTIVITIES 

I.  Provide  student  with  objective  sheet. 

li.  Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VII.       If  available,  use  an  oscilloscope  to  demonstrate  the  various  integrated  and 
differentiated  waveshapes  and  polarities. 

VIII.       Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1-RC  Time  Constant  Circuit 

2.  TM  2-Universal  Time  Constant  Chart  for  RC  and  RL  Circuits 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1 --Review  Series  RC  and  RL  Circuit  Character- 
istics 

2.  Assignment  Sheet  #2"Compute  RC  Time  Constants 

E.  Answers  to  assignment  sheets 


F.  Job  sheets 

1 .  Job  Sheet  #1  -Determine  Time  Constants  of  RC  Circuits 

2,  Job  Sheet  #2"Construct  a  Neon  Bulb  Flasher 

G.  Test 

H.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill,  1977. 

B.  Basic  Electricity/Electronics.    Natchitoches,   LA:    Louisiana  Department 
of  Vocational  Education,  1979. 

7 

C.  Robertson,  L.P.  Instrumentation  and  Measurements  Handbook,  Albuquer- 
que, NM:  Sandia  Laboratories,  1971. 

D.  IEEE  Standard  Dictionary  of  Electrical  and  Electronic  Terms,   Jew  York: 
John  Wiley  &  Sons,  1972. 
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RCTIME  CONSTANTS 
UNIT  VI 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Tinne  constant  (TCl-Time  required  to  complete  63.2  percent  of  the  total 
time  rise  or  decay 

B.  Exponential  function-A  math  expression  with  a  fixed  base  and  with  varying 
exponents  (e.g.  y  =  2.718^) 

C.  RC  circuit--A  circuit  with  resistance  and  capacitance 

D.  Differentiating  circuit--A  circuit  where  the  output  voltage  is  proportional  to 
the  rate  of  change  of  the  input  voltage 

(NOTE:  In  an  RC  circuit,  the  voltage  across  the  resistor  is  the  differentiated 
output.)  i 

E.  Integrating  circuit-A  circuit  producing  an  output  proportional  to'  the 
integral  (accumulation)  of  one  variable  with  respect  to  another  (usually 
time)  ^ 

(NOTE:  In  an  RC  circuit,  the  voltage  across  the  capacitor  is  the  integrated 
output.) 

F.  6-The  base  of  the  natural  logarithms  equal  to  2.718... 
(NOTE:  In  math  the  abbreviation  usod  is  "e".) 

Charging  an  RC  circuit  (Transparency  1) 
A.    Charge  circuit  (Figure  1) 

Charge 


FIGURE  1 


Discharge i>  + 


'C 


R 


1 .  Switch  is  on  or  charged 

2.  A  resistor  and  capacitor  are  connected  in  series^^with  a  direct-current 
voltage  source 
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B-     At     (instant  switch  is  closed) 


1. 


'C    n^aximum  and  equals  E  . /R 

/A 


(NOTE:  i^  is  the  charging  current.) 


2.  e 


p  IS  maxim,um  and  equals  E. 
3.       is  zero 

C.     After  about  5  time  constants 

Lie  decreases  (as  e^  approaches  value  of  E^,  i^  approaches.zero) 
2.   e^  increases  (as  charge  on  capacitor  increases) 
^'  fa.'!?^''^^^^^  increases  because 


trmes) 

Waveshapes  during  the  charge  of  an  RC 
A.     i^  and  ip  (Figure  2) 


must  equal  e^  +  ep 


circuit 


FIGURE  2 


B.     ep  (Figures) 


Time 


FIGURE  3 


C.     e^  (Figure  4)- 


Differentiated  Output 


ime 


FIGURE  4 


Integrated  Output 
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Discharging  an  RC  Circuit 

A.  Discharge  circuit  (Transparency  1) 

1 .  Switch  is  in  discharge  position 

2.  eQ  equals  E^ 

B.  Att^ 

1.  ij  is  maximum  and  equals  e^/R 

(NOTE:  ij  the  discharge  current  is  in  direction  reverse  of 

2.  ep  is  maximum  and  equals  i^  R 

3.  Bq  is  maximum  and  begins  to  decay 

C.  After  about  5  time  constants 

1 .  ij  approaches  zero  exponentially  from  negative  value 

2.  ep  approaches  zero  exponentially  from  negative  value 

3.  eQ  approaches  zero  exponentially  from  positive  value 
Waveshapes  during  discharge  of  an  RC  circuit 

A.     ij  (Figure  5)  .  ' 


Time 


0 
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B.     ep  (Figure  6) 


Time 


FIGURE  6 


C.     Bq  (Figure  7) 


VI. 


VII. 


VIII. 


FIGURE  7 


Formulas  for  computing  time  constant 
A 


Time 


Formula  for  one  time  constant--T  RC  (where  R  is  in  ofims,C  is  in  farads, 
and  T  is  in  seconds) 

B.     Formula  for  a  number  of  time  constants- 

IM  =         (where:    t  is  any  given  time  in  seconds 


ITU 


R  is  resistance  in  ohms 
C  is  capacitance  in  farads 
N  is  the  number  of  time  constants) 


Universal  time  constant  chart  (Transparency  2) 
A.     Horizontal  axis-TC  or  time  constants  (either  RC  or  L/fi) 
Vertical  axis-Percentage  of  full  voltage  or  full  current 
Rising  curve  A-Capacitor  voltage  during  charge 
Decaying  curve  b- 

1 .  Capacitor  voltage  during  discharge  ' 

2.  Resistor  voltage  during  charge 

Exponential  formulas  and  units  of  measurement  for  the  voltage  in  an  RC  cir- 
cuit during  charge 

A.     Formula  for  voltage  across  a  capacitor:  ep  =  E  a  (1-c  — ) 

^      ^  RC 
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B.  Units  of  measurement  for  voltage  across  a  capacitor: 

1 .  e^  is  instantaneous  voltage  across  capacitor 

2.  E^  is  source  or  applied  voltage 

3.  R  is  resistance  in  ohms 

4.  C  is  capacitance  in  farads 

5.  €  is  base  of  natural  logarithms  or  2.718... 

C.  Formula  for  voltage  across  a  resistor:  e^  =  E  a  e  '-^  

RC 

D.  Units  of  me-^surement  for  voltage  across  resistor: 

1 .  ^F?     instantaneous  voltage  across  resistor 

2.  E^  is  source  or  applied  voltage 

3.  t  is  time  in  seconds 

4.  R  is  resistance  in  ohms 

5.  C  is  capacitance  in  farads 

6.  c  is  base  of  natural  logarithms  or  2.718... 

Exponential  formula  and  units  of  measurement  for  the  charge  current  of 
RC  current  ^ 

A.  Formula: 

i^  =  ^A  c  >t/RC 
R 

B.  Units  of  measurement: 

1 .  is  instantaneous  current  in  RC  circuit  during  charge 

2.  E^  is  source  or  applied  voltage 

3.  t  is  ti.me  in  seconds 

4.  R  is  resistance  in  ohms 

5.  C  is  capacitance  in  farads 

6.  c  IS  f)ase  of  natural  logarithms  or  2,718...  - 
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Exponential  formula  and  units  of  measurement  for  the  voltage  across 
tor  durmg  discharge  of  an  RC  circuit 


A.  Formula: 

•t  _ 
RC 


B.     Units  of  measurement: 

1.  ep  is  instantaneous  voltage  across  resistor  during  discharge 

•  2.  eQ  is  voltage  across  capacitor 

,        3.  R  is  resistance  in  ohms 

4.  C  is  capacitance  in  farads 

5.  t  is  time  in  seconds 

6..  c  is  base  of  natural  logarithms  or  2.718... 


RC  Time  Constant  Circuit 


Switch 

Charge 


0  Discharge 
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Universal  iime  Constant  Chart 
for  RC  and  RL  Circuits 


Capacitor  voitage  on  charge. 

Inductor  current  on  growth. 

Resistor  voltage  on  growth  of  inductor  current. 


■5    T1         T2         T3         T4  T5 

Time  Constant:  RCorJ> 

R 

Capacitor  voltage  on  discharge.  Capaci  .or  current 
on  charge.  Inductor  voltage  on  growth  of  current. 
Inductor  current  on  decay.  Resistor  voltage  on  charge 

o 
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RCTIME  CONSTANTS 
UNIT  VI 


ASSIGNMENT  SHEET  #1-REVIEW  SERIES  RC  AND 
RL  CIRCUIT  CHARACTERISTICS 


1.  Match  the  terms  on  the  right  with  the  phrases  on  the  left. 

 a.  Purely  resistive  circuit  1.     Capacitor  only 

 b.  Purely  inductive  circuit  2.     Inductor  and  resistor 

 c.  Purely  capacitive  circuit  3.     Resistor  only 


_d.  RL  circuit  4,     Resistor  and  capacitor 

_e.   RC  circuit  5.     Inductor  only 


2.  Select  true  statements  concerning  a  series  RC  circuit  being  charged  by  placing  an  "X' 
in  the  appropriate  blanks, 

 a.  Current  takes  5TC  to  reach  maximum  value 


_b.  Maximum  current  rises  immediately 

_c.  Voltage  across  the  resistor  begins  to  increase 

_d.  Voltage  across  resistor  begins  decreasing 

_e.  Capacitor  voltage  rises  immediately  to  source  value 

_f.  Capacitor  voltage  takes  5TC  to  reach  applied  voltage  value 


3,  To  reach  fully  charged  state  during  charge,  a  capacitor  takes  time  constants 

4.  Select  true  statements  which  complete  this  sentence:  After  five  time  constants,  during 
charge: 

 a.  Capacitor  voltage  is  zero 


_b.  Capacitor  voltage  is  at  its  maximum 
c.  Current  is  at  zero 


d.  Current  is  at  maximum 


5.  Select ^true  statements  concerning  an  RC  circuit  when  it  starts  to  discharge  by  placing 
an  "X"  in  the  appropriate  blanks, 

 a.  Total  current  immediately  drops  to  zero 


_b.  Current  immediately  is  at  its  maximum  value 
_c.  Current  begins  to  rise  slowly 
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_d.  Capacitor  voltage  begins  to  decrease 

^e.  Voltage  drop  across  resistor  begins  to  increase  to  maximum 

_^f.  Voltage  drop  across  res'stor  begins  to  approach  zero 


Select  true  statements  concernir  n  mpacitor  in  an  RC  circuit  when  it  is  fully  dis- 
charged by  placing  an  "X"  in  the  ap^jiupriate  blanks. 


a.  e^  IS  at  maximum 

b.  eQ  is  at  zero 


c.  Bp  is  at  zero 

^d.  ep  is  at  maximum 

_e.  i  is  at  maximum 

f.  i  is  at  zero 


\ 


'7J9 


BE  -  195-D 


RCTIME  CONSTANTS  * 
UNIT  VI 

ASSIGNMENT  SHEET  #2-C0MPUTE  RC  TIME  CONSTANTS 

1 .  Write  the  formula  for  computing  one  time  constant  in  an  RC  circuit. 

2.  'Match  the  curves  on  the  right  to  the- correct  descriptions, 

 a.  Voltage  of  capacitor  during  charge         1 .     Universal  chart 

rising  curve 

 b.  Voltage  of  capacitor  during  discharge 

 c.  Current  during  charge  2.     Universal  chart 

falling  curve 

 d.  Current  during  discharge 

e.  Voltage  of  resistor  during  charge 

 f.   Voltage  of  resistor  during  discharge 

3-  -Jff  E  A  =  200  volts  and  R  =  50  ohms,  compute  (use  the  universal  thart)  the  follow- 
ing for  an  RC  circuit  during  charge 

a.  Maximum  current   ' 

b.  Current  after  two  time  constants^  

c.  Bq  after  three  time  constants^  

d.  ep  after  three  time  constants  ' 

4.  Using  the  same  values  for  E^  and  for  R  as  in  problem  3,  compute  the  following  for  an 
RC  circuit  during  discharge 

(NOTE:  Use  universal  chart.) 

a.  Current  after  four  time  constants  

b.  after  two  time  constants  

c.  ep  after  two  time  constants  >l  

5.  A  circuit  has  the  following  values  of  R  and  C;  conpute  one  time  constant. 
R  =  T  Megohm,  C  =  1  m  f  TC  = 

R  =  1  Kilohm,  C  =  20000iu:  TC  =  

R  =  1500  ohms,  C  =  200  pf                              TC  = 
R  =  47  kilohm,C  =  30  m  f  TC  =  

740  ■ 
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a. 
b. 
c. 
d. 
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6.  Use  the  exponential  formulas  to  solve  for  the  following  when       is  200V,  R  is  1 
megohm,  C  is  2  microfarads,  and  t  is  2.8  seconds. 

a.  iQ  (current  during  charge)  =  

b.  eQ  during  charge  =  

c.  ep  during  charge  -  

d.  2.8  seconds  represents  time  constants 


ERIC 


RCTIME  CONSTANTS 
UNIT  VI 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1 

1.  a.    3  c.    1  e.  4 
b.    5           d.  2 

2.  b,  d,  f 

3.  Five  (or  more) 

4.  b,  c 

5.  b,  d,  r 

6.  b,  c,  f 
Assignment  Sheet  #2 

1.  TorTC=RC 


1''  d. 

1 

b. 

2  e. 

2 

c. 

2  f. 

1 

a. 

4  amperes 

b. 

0.54  amperes 

c. 

190  volts 

d. 

10  volts 

4.  a.  .08  amperes 

b.  27  volts 

c.  •  27  volts 

5.  a.  1  second 

b.  ^'0  seconds 

c.  300  X  10'^  or  300  nanoseconds  or  .3  microseconds 

d.  1,41  seconds 

6.  a.  49.3  microamperes 
f  .  150,68  volts 

c.  49.32  v-.Mts 

d.  1 .4  ijfne  constants 
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RCTIME  CONSTANTS 
UNIT  VI 


JOB  SHEET  #1--DETERMINE  TIME  CONSTANTS  OF  RC  CIRCUITS 

Tools  and  materials 

A.     DC  power  supply,  0-20\/ 


Electronic  vc^^meter 


R-|  -  Resistor,  100  k-ohm,  1  watt 
R2  -  Resistor,  470  k-ohm,  1  watt 

E.  -  Resistor,  1  M-ohm,  1  watt 

F.  R4  -  Resistor,  2.2  M-ohm,  1  watt 

G.  C-|  and  C2  -  Electrolytic  capacitor,  10 /jf,  over  20VDC 

H.  Switch,  DPDT 

I.  Switch,  PBNO 

J.     Stopwatch  (or  watch  with  second  hand) 
Procedure 

A.  Connect  the  DC  power  supply,  electronic  voltmeter,  switches,  resistors 
R^  and  R^^  and  Capacitor  C^  as  shown  in  Figure  1;  let  R.  and  R^  be  Rw, 
and  C^  be  C  and  do  not  turn  on  the  power  supply  at  this  time 


AAV 


0 

Power 

Supply 

0 

FIGURE  1 


B.     Calculate  the  time  constant  for  the  charging  circuit  of  Figure  1  and  enter  in 
Table  1 

(NOTE:  Switch  S-,  will  be  in  the  up  position.) 
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C,     Calculate  the  total  time  (5  time  constants)  for  the  capacitor  to  be  fully 
charged  and  enter  in  Table  1 


CHARG 

DISCHARGE 

R-C 

VAL 

UES 

CALCULATED 

MEASURED 

CALCULATED 

MEASURED 

Rx 

Ry 

C 

1-TC  5-TC 

Total  Time 

1-TC5-TC 

Total  Time 

1. 

R2 

Cl 

2.  R3 

R4 

3.  R4 

R2 

^1  ^2 

Series 

4.  R3 

Rl 

^1  ^2 
Parallel 

TABLE  1 

D.  Calculate  the  time  constant  for  the  discharge  circuit  (S.  will  be  in  the  down 
position)  and  enter  in  Table  1 

E.  Calculate  the  total  time  (5  time  constants)  for  the  capacitor  to  be  fully 
discharged  and  enter  in  Table  1 

F.  Turn  the  power  supply  on  and  with  S.  in  the  up  position,  adjust  for  15 
volts  as  indicated  by  the  voltmeter  when  the  capacitor  is  fully  charged 

G.  Flip      to  the  down  position  to  isolate  Ihe  charging  source 

H.  Close  $2  to  discharge  the  capacitor,  then  release  it 

I.  Start  the  stopwatch  at  the  same  time  S.  is  placed  in  the  up  position  to 
measure  the  time  required  for  capacitor  C.  to  charge  to  15  volts  and  record 
in  Table  1  '  ' 

J.     Start  the  stopwatch  at  the  same  time  S^  is  placed  in  the  down  position 
■    to  measure  the  time  required  for  capacitor  C.  to  completely  discharge 
and  enter  in  Table  1 

K.  Rewire  the  circuit  and  repeat  sieps  B  through  J  for  R-C  values  2,  3,  and  4  as 
shown  in  Table  1 

L.  Discuss  with  your  instructor  differences  observed  in  calculated  and  measured 
values 
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JOB  SHEET  #2"C0NSTRUCT  A  NEON  BULB  FLASHER 
Tools  and  materials  ^""^x 

A.  DC  power  supply,  0-1 OOV  (can  use  two  45V  batteries) 

B.  Two  2.2  M-ohm  resistors 

C.  Two  1  //f  capacitors  (at  least  lOOv) 

D.  Neon  bulb 
Procedure 

A.    Connect  the  circuit  as  shown  in  Figure  1 

—7  o  


Power  Supply 


R  >  2.2  MD. 


Neon  Bulb 


FIGURE  1  ; 

B.  Adjust  the  power  supply  to  1 00  volts 

C.  Close  the  switch  and  obsierve  the  neon  bulb 

D.  Open  the  circuit  and  add  a  2.2  M-oKm  resistor  in  series  to  make  a  total  of  4.4 
megohms  resistance 

\j 

E.  Close  the  switch  and  observe  the  neon  bulb 

F.  Open  the  switch  and  remove  one  of  the  2.2  megohm  resistors 

G.  Add  a  1  fif  capacitor  in  parallel  with  C  in  the  circuit  making  2  ^if  of 
capacitance 

H.  Close  the  switch  and  observe  the  neon  bulb 

I.  Draw  a  sketch  of  the  neon  bulb  lighting  and  going  out  using  time  as  the 
horizontal  axis  and  voltage  as  the  vertical  axis  j 

(NOTE:  Assume  70  volts  will  cause  the  neon  bulb  to  light  and  it  will  remain 
lit  until  the  voltage  drops  to  40  volts.) 

J.     Discuss  the  effect  of  increasing  R  and  of  increasing  C 
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NAME 


TEST 

Match  the  terms  on  the  right  with  the  correct  definitions. 

.   a.  A  math  expression  with  a  fixed  base  and 
with  var  ying  exponents 


1.  Time  constant 

2.  Exponential 
function 

3.  RC  circuit 

4.  Differentiating 
circuit 

5.  Integrating  circuit 

6.  € 


 b.  A  circuit  producing  an  output  propor- 
tional to  the  integral  of  one  variable  with 
respect  to  another 

 c.  A    circuit    where   the  output  voltage  is 

proportional  to  the  rate  of  change  of  the  in- 
put  voltoge 

 ^d.  The  base,  of  the  natural  logarithms  equal 

to  2.718... 

 e.  Time  required  to  complete  63.2  percent 

of.  the  total  time  rise  or  decay 

 f.  A  circuit  with  resistance  and  capaci- 

tantje 

Complete  statements  concerning  charging  an  RC  circuit  by  referring  to  the  illus- 
tration below: 


Charge  circuit 
1)  Switch  is  in 


position 


2)  A  resistor  and  c£; 
voltage-source 


are  connected  in  series  with  a 


At  t^  (instant  switch  is  closed) 

1 )  Iq  is  maximum  and  equals 

2)  ep  is  maximum  and  equals 

3)  e^  is   


7ie 
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I 


/ 

/ 


After  about  5  time  constants 
1)  ir 


2)  ec_ 

3)  eo 


1  / 

/  . 

3.   Match  illustrations  of  waveshapes  during  the  charge  of  an  RC  circuit  with  the  values  on 
the  right  which  they  reflect. 


1.  e. 


2.  et 


3.   i^  and  ip 


Time 


c. 
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4.   Complete  statements  concerniag  discharging  an  RC  circuit  by  referr  ing  to  the  following  ^  ^ 

illustration:     ---o  *  • 

Charge  .  ^ 

 _  _o 


— -  Discharge  q 


R 


a.  Discharge  circuit 

1 )  Switch  is  in  '  

2)  e^  equals  

b.  Att„ 

1)  ij  is  maximum  and  equals 


position 


2)  ep  is  maximum  and  equals  

3)  eQ  is  maximum  and  begins  ;o   ^ 

After  about  5  time  constants. 

1)  ij  approaches  exponentially  from  negative  value 

2)  ep  approaches-zero  exponentially  from  __va!ue 


3)  Bq  approaches 


exponentially  froni  positive  vaFue 


5.   Match  illustrations  of  waveshapes  during  discharge  of  an  RC  circuit  with  the  values  orT 
the  right  which  they  reflect. 

 a-  1.  ^- 


2.  e, 


3.  Br 


7-1 


o  Time 


c. 


SUilv  the  kK^MiUis  for  cuinpulmq  iirne  constant. 

^*       OniMif^Jt*  COnsUin!  ,  . 

b      A  nurntier  of  Pn^e  constants 

xiMi  unit*,  'Of  ?)^casuff>men?  of  ihe  horjzonta!  and  vertical  axes  on  a  universal  time 

Lis!  ;iMt!r>  of  fw^nutcnwu  jn  the  ex[K>"entt^l  formulas  for  voltage  across  a  capa 
cito<  a^'J  vaUr^fje  <K:fO!A  ci  resjsto'  sn  an  RDcircua  during  charge. 
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b.     Formula  for  voltage  across  a  resistor:  er,  =  E  .  e  -  

1)  Bp  is  [  

2)  E^  is  

3)  tis  ■  

4)  R  is  

5)  Cis  J  

6)  e  is  

9.    List  units  of  measurement  in  the  exponential  formula  for  the  charge  current  of  an  RC 
circuit  when  the  formula  is  ' 


ij.=  ^Ae  -t/RC 
R 

a. 

'c 

b. 

c. 

t  is 

d. 

R  is 

e. 

-^is 

* 

f. 

e  is 

List  units  of  measurement  in  the  exponential  formula  ;or  the  voltage  across  a 
resistor  during  discharge  of  an  RC  circuit  when  the  formula  is 

t 

ep  =  e^  .  RC 

a.     eo  is 


b.  is 

c.  R  is 


d.     C  is 


e.     t  is 


f.      e  is 


5' 
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11.  Review  series  RC  and  RL  circuit  characteristics. 

12.  Compute  RC  time  constants. 

13.  Demonstrate  the  ability  to: 

a.  Determine  time  constants  of  RC  circuits. 

b.  Construct  a  neon  bulb  flasher. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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RC  TIME  CONSTANTS 
UNITVI  - 


ANSWERS  TO  TEST 


1. 

a. 

2 

d.  5 

b. 

5 

e.  1 

^  • 

4 

^  3 

2. 

a. 

1) 

On  or  charged 

2) 

Direct  current 

b. 

1) 

E^/R 

2) 

3) 

Zero 

c. 

1) 

Decreases 

2) 

Increases 

3) 

Decreases 

3. 

a. 

3 

b. 
c. 

2 
1 

{ 

4. 

a. 

1) 

Discharge 

2) 

^A 

b. 

1) 

ep/R 

'2) 

R 

d 

3) 

decay 

c. 

1) 

Zero 

2) 

Negative 

3) 

Zero 

5. 

a. 

1 

b. 

3 

c. 

2 

6. 

a. 

T  = 

RC 

b. 

N  = 

t 

RC 

7.   a.     TC  or  time  constants 

b.     Percentage  of  full  voltage  or  full  current 

Instantaneous  voltage  across  capacitor 
The-source  or  applied  voltage 
Resistance  in  ohms 
Capacitance  in  farads 
Base  of  natural  logarithms  or  2.718... 


8.  a. 


1) 
2) 
3) 
4) 
5) 


10-D 


b.     1)  •  Instantaneous  voltage  across  resistor 

2)  Source  or  applied  voltage 

3)  Time  in  seconds 

4)  Resistance  in  ohms  < 

5)  Capacitance  in  farads 

6)  Base  of  natural  logarithms  or  2.718... 

9.  a.  Instantaneous  current  in  RC  circuit  during  charge 

b.  Source  or  applied  voltage 

c.  Time  in  seconds 

d.  Resistance  in  ohms 

e.  Capacitance  in  farads 

f.  Base  of  natural  logarithms  or  2.718... 

10.  a.     Instantaneous  voltage  across  resistor  during  discharge 

b.  Voltage  across  capacitor 

c.  Resistance  in  ohms 

d.  Capacitance  in  farads 

e.  Time  in  seconds 

f.  Base  of  natural  logarithms  or  2.718... 

11.  Evaluated  to  the  satisfaction  of  the  instructor. 

12.  Evaluated  to  the  satisfaction  of  the  instructor. 

13.  Performance  skills  evaluated  to  the  satisfaction  jf  the  instructor. 


^^3 
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CAPACITIVE  REACTANCE 
UNIT  VII 


UNIT  OBJECTIVE 


SPECIFIC  OBJECTIVES 
After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  capacitive  reactance  with  their  correct  definitions. 

2.  Match  symbols  associated  with  capacitive  reac^tance  with  their  correct  mean- 

3      State  the  formula  for  computing  capac  live  reactance. 
4.     List  two  factors  that  are  inversely  proportional  to  capacitive  reactance. 
^  Rc'cTrcuitl'"'''"'"''  relationship.  b...v  v.-n  curren^  ar,d  voltage  in 

6.  Compute  the  applied  voltage,  im..-x..oe,  .r.d  power  factor  of  an  RC  circui^ 
when  given  the  res.st.ve  voltage.  ,     ..pacitive  voltage,  and  ^:he  current 

7.  ^^'^stinguish  between  true  power,  ..  parent  power,  reactive  power,  and  the  power 

feril:  Jes-sSr  is  °^  -  °'  °^  ^  -P-'^-  When 

9.     Compute  capacitive  reactance. 

10.  Determine  phase  relationships  in  RC  circuits. 

1 1.  Compute  values  of  RC  circuits. 

12.  Demonstrate  the  ability  to: 

a.  Show  the  effect  of  capacitive  reactance  in  AC  circuits. 

b.  Determine  capacitive  reactance  and  impedance  in  RC  circuits. 


^4 
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VII. 


CAPACITIVE  REACTANCE 
UNIT  VII 


SUGGESTED  ACTIVITIES 


I.  Provide  student  with  objective  sheet. 

1 1.  Provide  student  with  information,  assignment,  and  job  sheet?. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 


Demonstrate  oscilloscope  waveshapes,  if  possible,  to  .^how  pha.  .  relation- 
ships. 


VIII.        Give  test. 

INSTRUCTIONAL  MATERIALS 

I.        Included  in  this  unit: 
A.  Objective  sheet 
3.   Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Voltage  Relationships  RC  Circuit 

2.  TM  2-lmpedance  Relationships  RC  Circuit 

3.  TM  3-Power  Relationships  RC  Circuit 

D.  Assignment  sheets 

1 .  Assignment  Sheet  #1  -Compute  Capacitive  Reactance 

2.  Assignment  Sheet  #2--Determine  Phase  Relationships  in  RC  Circuits 

3.  Assignment  Sheet  #3-Compute  Values  of  RC  Circuits 

E.  Answers  to  assignment  sheets 


F    Johy  shee^ 

1.  Joiy  Sheer  #1 -Show  the  Effect  of  Capacitive  Reactance  in  AC  Circuits 

2.  Job  Sheet  #2-Determine  Capacitive  Reactance  and  Impedance  in  RC 
Circuits 

G.  Test 

H.  Answers  to  test 
References: 

A.  Bernard  Grob.  Basic  Electronics.  New  York:  McGraw-Hill,  1977. 

B.  3asic  Electricity/Electronics.    Natchitoches,   LA:    Louisiana  Department 
of  Vocational  Education,  1979. 

C.  Robertson,  L  P.  Instrumentation  and  Measurements  Handbook.  Albuquer- 
que, NM:  Sandia  Laboratories,  1971. 

D.  IEEE  Standard  Dictionary  of  Electrical  and  Electronic  Terms.   New  York: 
John  Wiley  &  Sons,  1972. 
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CAPACITIVE  REACTANCE 
,  UNIT  VII 


INFORMATION  SHEET 

Terms  and  definitions 

A.  Resistance-Opposition  to  current  resulting  in  energy  dissipation 

B.  Reactance-Opposition  to  current  not  resulting  in  energy  dissipation  caused 
by  voltage  or  current  charges  o 

C.  Imp6dance--0pposition  to  current  including  both  resistance  and  reactance 

D.  Capacitive  reactance-Circuit  opposition  caused  by  capacitance 

E.  Power-The  rate  of  energy  consumption  in  a  circuit  (true  power) 

F.  Reactive  power  The  product  of  reactive  voltage  and  amperes 

G.  Apparent  power--The  product  of  volts  and  amperes  in  an  AC  circuit 

H.  Power  factor-The  ratio  of  true  power  to  apparent  powei  (volt-annperes) 
in  an  AC  circuit 

I.  Phase  angle-The  number  of  degrees  that  the  current  leads  or  lags  the  voltage 
in  an  AC  circuit 

(NOTE :  The  phase  angle  may  also  be  expressed  in  radians.) 
J.    Angular  velocity -The  rate  of  change  of  cyclical  motion 
Symbols  and  meanings 


A. 

X--Reactance  in  ohms 

B. 

XQ-Capacitive  reactanceWn  ohms 

C. 

[--Frequency  in  hertz 

D. 

G  Capacitance  in  farads 

E. 

R-Resistance  in  ohms 

F. 

co--Angular  velocity  in  radians  per  se  ' 

;.rui  (equal  to  27rf) 

G. 

27r-Radians  in  one  cycle  (equal  to  ap; 

proximately  6.28) 

H, 

0-Phase  angle  in  degrees  or  radians 

L 

PF--Power  factor 

ERIC       '  ^ 
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INFORMATION  SHEET 


Formula  for  computing  capacitive  reactance 


Xq=    r       or  1        or. 159 


CO  C       27rfC  fC 

where  Xq  is  capacitive  reactance  in  ohms 

CO  is  angular  velocity  in  radians  per  second 
C  is  capacitance  in  farads 
f  is  frequency  in  Hertz 

IV.        Factors  that  are  inversely  proportional  to  capacitive  reactance 

A.  Rate  of  change  of  voltage  (frequency) 

B.  Amount  of  capacitance 

V.         Relationships  between  current  and  voltage  in  RC  circuits 

A.  Current  leads  voltage  by  90°  in  a  purely  capacitive  circuit 
3.  Current  and  voltage  are  in  phase  in  a  purely  resistive  circuit 

C.  Current  leads  voltage  between  0°  and  90°  depending  upon  relative  amounts 
of  R  and  C  present  in  circuit  and  frequency  of  applied  voltage  or  current 
(angular  velocity)  ^ 

VI.        Computing  applied  voltage,  impedance,  and*  the  power  factor  in  a  series  RC 
circuit 

A.  Current  in  series  circuit  is  same  throughout  and  used  as  reference 
.  B.   Voltage  across  resistor  (Ep^)  is  in  phase  with  current 

C.  Voltage  across  capacitor  (Eq)  lags  the  current  l)y  90"^ 

D.  Applied  voltage  (E^)  is  vector  sum  of  the  two  out  of  phase  voltages  and 
equals  E^  ^   \/(Ep)^  +  (E^)^  (Transparency  1) 

E.  Dividiny  each  term  of  tho  equation  in  D  by  current  gives  im[)edance  formula 
(Trans|)arency  2) 


\/r?mx^ 


EKLC 


INFORMATION  SHEET 


9E„- 


F.  Power  factor,  6,  is  the  angle  whose  cosine  equals  E  ^/E^  (Figure  1 ) 
FIGURE  1 


C 

RC  Circuit 


RC  Phase  Relationships 


Power  in  capacitive  circuits 

A.  True  power-The  actual  power  consumed  by  resistance  and  is  measured  in 
waits 

1.  PT  =  |2RorEf^lp 

2.  P-p=EI(PF)orElcos0 

B.  Apparent    power-The     power     that    appears    to     be    used    and  - 
measured  in  volt-amperes  (Transparency  3) 

1.  PA=Ei  . 

2.  P^=|2z 

3.  P^  =  e2^~ 

^' '   ne^n^^'"^  Power  -The  power  that  appe:     to  be  used  by  the  reactive  compo- 

(NOTE:  Capacitors  use  no  power  or  energy;  they  take  from  the  circuit 
to  create  electrostatic  fields  but  return  to  the  circuit  whon  the  voitaae 
direction  reverses.)  '  vundye 

1.    P^  =  l\ 


2.  P 


X 


'x'x 


3.   P^  =  Eisin« 

Pow'er  factor-The  ratio  of  true  power  to  apparent  power  (Transparency 


1.  PF  =  P^/P^ 

2.  PF  =  E^/E^ 
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INFORMATION  SHEET 


O  3'.  ^  PF  =  R/2 


4.  PF  =  cos  0  ' 
III.         Figure  of  merit,  or  Q,  of  capacitors 

A.  -The    quality    factor    or    figure    of    merit    of    a    component    is  a 

measure  of  that  component  s  energy  spring  ability 

B.  For  a  capacitor  and-resistance  in  series: 

Q=Xc.  ^         .  .  . 

where       is  capacitive  re5ctS?^be  in  ohms-end      is  series  resistance  in  ohms 


A 


Power  Relationships  RC  Circuit 


Pa  =  EaxI 


CAPACITIVE  REACTAIVj 
UNIT  VII 


ASS^GNMENT  SHEET  #1-C0MPUTE  CAPAC.    VE  REACTANCE 

Directions:  Review  the  formula  for  computing  capacitive  r  ..nnce  and  compute  from 
the  C  and  f  values  given  below:  ' ...  q 

4 

1 .  Write  the  formula  for  computing  capacitive  reactance. 

-Xc  = 

2.  Select  the  units  of  measure  capacitive  reactance  is  expressed  in: 

a.  Farads 

 b.  Henries 

c.  Ohms 


d.  Radians 


3.  If  the  frequency  of  the  applied  voltage  to 'an  RC  circuit  is  increased,  the  capacitive 
reactance  will, (increase)  (decrease). 

4.  If  the. capacitance  is  increased  in  a  given  RC  circuit,  the  capacitive  reactance  will 
increase)  (decrease). 

b.  The  angular  velocity  is  decreased  by  decreasing: 

 a.  Frequency 

 b.  Phase  angle 


c.  Power  factor 


 d.  Capacitance 

6.  ^  Compute  for  the  following  values  of  C  and  t: 
•   a.  C^  10,G0G)^'f/  f  =  10  Hz  

 b.  C-  lO^f,  f  =  60  Hz 


7.  At  what  frequency  would  a  0.05  microfarad  capacitor  have  40  ohms  of  caparitive 
reactance?  F^a^iuve 
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CAPACITIVE  REACTANCE 
UNITVII  ■ 


ASSIGNMENT  SHEET  #2--DETERMINE  PHASE  RELATIONSHIPS  IN  RC  CIRCUITS 

Directions:  Using  the  chart  and  diagrams  below,  determine  the  following: 

1.  Which  curve  from  the  chart  in  Figure  1  represents  AC  current  in  a  capacitive  circuit? 

2.  Which  curve  from  the  chart  in  Figure  1  represents  AC  voltage  in  a  capacitive  circuit? 
w  (b) 


0°  90° 
FIGURE  1 


180° 


✓  270° 


360° 


3.  Which  diagram  in  Figure  2  represents  a  purely  capacitive  AC  circuit? 

4.  Which  diagram  in  Figure  2  represents  a  purely  resistive  AC  circuit? 

5.  Which  diagram  in  Figure  2  represents  a^ircuit  with  R  and  C? 
FIGURE  2  •  - 


E 


(b) 


6.   Explain  what  is  meant  when  a  circuit  has  a  power  f^or  of  1 . 
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CAPACITIVE  REACTANCE 
UNIT  VII 


ASSIGNME-NT  SHEET  #3-C0MPUTE  VALUES  OF  RC  CIRCUITS 

Select  true  statements  concerning  RC  circuits  by  placing  an  "X"  in  the  appropriate 
blanks. 


_a.  The  current  in  a  series  RC  circuit  is  the  same  in  the  resistor  as  in  the  capac- 
itor at  all  times  when  AC  voltage  is  applied. 

_b..  The  voltage  in  a  series  RC  circuit  is  the  same  across  the  resistor  as  across  the 
capa^ilftr  at  all  times  when  AC  i.s  applied. 

_c.  Current  leads  the  voltage  by  90  degrees  in  a  purely  capacitive  circuit. 

_d.  Current  lags  the  voltage  by  90  degrees  in  a  purely  capacitive  circuit. 

_e.  Current  is  in  phase  with  voltage  in  a  purely  resistive  circuit.  ' 

_f.  Voltage  lags  the  current  by  90  degrees  in  a  purely  capacitive  circuit. 

_g.  Voltage  across  the  resistor  is  always  in  phase  with  the  applied  voltage  in  an 


RC  circuit. 

 _h.  If  100  volts  is  applied  to  a  circuit  having  50  ohms  of  resistance  and  50  ohms 

of  capacitive  reactance,  there  will  be  50  volts  drop  across  the  resistor  and  50 
volts  drop  across  the  capacitor. 

If  there  are  40  ohms  of  resistance  in  series  with  40  ohms  of  capacitive  reactance,  the 
circuit  impedance,  Z,  equals  ohms. 

I f^  there  is  a  40  volt  drop  across  the  resistor  and  a  30  volt  drop  across  the  capacitor  in 

an  RC  circuit,  the  applied  voltage  is  _volts  and  the  phase  angle 

IS  degrees. 


Solve  the  following  circuit  for  the  indicated  values. 

a-     X(,  =   f.     0  =   100  A 

b.    Z-  ___  g.    PF  = 


 ^AAAAAAAAr 

R 


c-  h.     p-,=  100^©  27pf 

^1  6OH2  [ 


^R=   i-  Px^= 

^C  =   j-  Pt 


CAPACITIVE  REACTANCE 
UNIT  VII 


ANSWERS  TO  ASSIGN-MENT  SHEETS- 

Assignment  Sheet  #1 

^-   ^C"       „1  „       or     1     or  .159 

27rfC  ZJC  7C  

2.  c         •  •  • 

3.  Decrease 

4.  Decrease 

5.  a  '  • 

6.  a.      1.59  ohms 
b.     265  ohms 

7.  79,500  Hertz  5 
Assignment  Sheet  #2 

1.  a 

2.  b 

3.  b 

4.  a 

5.  c 

6.  A  power  factor  of  1  means  that  the  circuit  is  a  resistive  circuit 
Asisgnment  Sheet  #3 

1.  a,  c,  e,  f 

2.  56.6  ohms 

3.  50  volts,  36.9°  (arc  cos  40/50) 


a. 

98.1  ohms 

f. 

45.6  degrees 

b. 

140  ohms 

.  g. 

.699 

c. 

714  milliamps 

h. 

71 .4  volt-amperes 

d. 

71.4  volts 

i. 

50  vars 

e. 

70.0  volts 

j. 

51  watts 
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UNITVII 


JOB  SHEET  #1-SH0W  THE  EFFECT  CF  CAPACITIVE  REACTANCE  IN  AC  CIRCUITS 

I.      Tools  and  materials 

A.  Two  AC  capacitors  -  8  fuf  and  1  /jf,  1 15  VAC 

B.  One  15VV,  120V  Jight  bulb  and  holder 

C.  Multimeter 

D.  AC  power 
II.  Procedure 

A.     Connect  the  circuit  as  shown  using  the  8  juf  capacitor  (Figure  1 ) 

H 


FIGURE  1 


115v 

60  Hz  (f^. 

(AC  Supply) 


L  (Bulb) 


B.  Turn  on  the  AC  and  observe  the  brightness  of  the  bulb. 

C.  Measure  and  record  E^,  E^,  and  E^  (voltage  across  bulb  or  load) 

•  JSuToTe'^^'^        '^l)^'  obtain  square  root,  then  compare  with  measured 

E.  Substitute  the  1  „f  capacitor  for  the  8  /.f  capacitor,  then  repeat  steps  B,  C, 

F.  Discucr  the  relative  amounts  of  capacitive  reactance  of  the  8  ui  and  1  ui 
capacitor;  that  ,s,  which  has  the  most  opposition  to  the  flow' of  current 

G.  Discuss  the  differences  observed  between  measured  and  calculated  values  of 
"^A 


7: 
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CAP'ACITIVE  REACTANCE 
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JOB  SHEET  #2-DETERMINE  CAPACITIVE  REACTANCE  AND  IMPEDANCE  IN  RC  CIRCUITS 

I.       Tools  and  materials 

A.  One  af  generator 

B.  One  capacitor  -  .3  /if  •  . 

C.  One  resistor,  1000  ohm,  1-watt 

D.  Multimeter 

E.  Graph  paper  and  protractor  ■        ^  •  ' 
II.  Procedure 

A.    Connect  the  circuit  shown  in  the  following  schematic  (Figure  1) 


FIGURE  1 


AF 

Generator 


® 


B.  Set  the  af  generator  to  a  frequency  of  150  Hz  and^adjust  the  output  to 
one  volt,  then  measure  Ep  and  E^and  record  in  the  data  table 

C.  Set  the  af  generator  to  the  next  frequency  listed  in  the  data  table;  adjust  the 
output  to  one  volt,  then  measure  and  record  E^  and  E^ 

n  C 

D.  Repeat  Step  C  for  each  listed  frequency 


Frequency 

z 

0 

b 

PF 

Er/R 

1/cjC 

Ec/I 

Graph 

Graph 

Arc  cos  Ep/E^ 

Cos  0 

150  Hz 

250  Hz 

450  Hz 

900  Hz 

1100  Hz 

*  Data  Table 


JOB  SHEET  #2 

Compete  I  (Ep/10,000)  for  each  frequency  an^i  enter  into  table  * 

A-  ■ 

Compute  Z(E^/I)  for  each  frecy^encV  and  enter 

Compute       by  using  the  forn^ula  1/C  for  each  freqUenoy 

Compute  Renter  into  table,  and  compare  results  with  Step  G 

Using  Xp  of  Step  H,  -and  lO.OOo'for  R,^draw  a  qraph  showing  the  vector 
relationship*,  then  measure  the  value'^f  Z-bn  the  graph 

Compare  the  results  ofStep  I  with  Stup  F  ' 

Measures  the  phase  angle,  (I,  on  the  (jrdp'h  and  enter 

Compute  the  phase  cinqle,  i)\  by  ol)tainifU)  the  ancjie  whose  qpslne  is  Er/E 
Cofiipute  and  enter  tfie  f)ower  factor 

-Calctilat^vtf^e  frennoncy  n^.T.essary  to  have       equnl  to  10,000  o,ims 

Set  the  cjf  (jonerator  to  this  froqi;ency  and  enter  all  information  allied  for 
info-tfic;  data  tcH)!e 

Aruiiy/f!  iwul  discuss  yoiir\-esiJ Its  v;ith  ycuir  instructoi 

•J  ' 

—  • 
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NAME 


TEST 


1 .  ^  Match  the  terms  on  the  right  With  their  correct  definitions. 

 'J-  The  number  of  degrees  that  the  cSrre.it 

leads  or  tags  the  voltbge  in  an  AC  cir- 
cuit 

 b.  The  product  of  reactive  vbltage  and  amp- 


eres 

_c.  Opposition  ^  current  including  both 
resistance  andlreactance  , 

_d.  Opposition    t6    current    resulting  in 
energy  dissipati'on 

_e.  Circuit  oppo^Jij^ caused  by  capacitance 

__f.   The  product  of  yolts  and  amperes  in  an 
AC  circuit 

The  rate  of 'change  of  cyclical  motion 

_h.  Opposition  to  current  not  resulting  in' 
energy  dissipation  'Caused  b  •  voltage  or 
current  charges 

_i.   The  rate  of  energy  consumption  in  a 
circuit 


-  J-   The  ratio  of  true  bower  to  apparent 

power  in  an  AC  circuit 

2.   Match  the  symbols  on  the  right  ^h  their  correct  nfeanings. 

 ^a-  Angular  velocity  in  radians  per  second 

»   b.  Reactance  in  ohms 

 c.  Capacitance  in  faradK 


^d.  Phase  angle  in  degrees  or  radians 
_e.   Resistance  in  ohms 
_f.    Frequency  in  hertz 


\ 


1 .  Resistance 

2.  Reactance 

3.  Impedance " 

4.  Capacitive  reactance 

5.  Power 

6.  Reactiye  power 

7.  Apparent  power 

8.  Power  factor 

9.  Phase  angle  ' 
10.  Angular  velocity 


1.  X 

2.  Xc 

3.  f 

4.  C 

5.  R 

6.  LO 

7.  27r 

8.  0 

9.  PF 


EKLC 


 g.  Power  factor 

 h.  Capacitive  reactance  in  ohms 

i.    Radians  in  one  cycle 
State  a  formula  for  computing  capacitive  reactance. 


List  two  factors  that  are  inversely  proportional  to  capacitive  reactance, 
a. 


Select  true^statements  indicating  the  voltage  and  current  relationships  in  RC  circuits  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Current  leads  voltage  by  90°  in  a  purely  capacitive  circuit 

 b.  Current  lags  voltage  by  90°  in  a  purely  capacitive  circuit 

'  c.  Currsnt^and  voltage  are  in  phase  in  a  purely  capacitive  circuit 

 d.  Current  and  voltage  are  in  phase  in  a  purely  resistive  circuit 

 e.  Current  leads  voltage  between  0°  and  90°  depending  upon  relative  amounts 

of  R  and  C  present  in  circuit  and  frequency  of  applied  voltage  or  cun'ent 

 "f-   Current  lags  voltage  between  0°  and  90°  in  a  circuit  containir)^  both  re- 
sistance and  capacitance 

In  an  RC  circuit  the  voltage  across  the  resistor  is  120  volts,  the  voltage  across  the 
capacitor  is  50  volts,  and  the  current  is  .013  amperes.  Compute  the  following: 

a.  The  AC  voltage  applied  in  the  above  circuit  is  volts. 

b.  The  impedance  of  the  above  circuit  is^^  hms. 

c.  .  The  power  factor  of  the  above  circuit  is 


Distinguish  between  true  power,  apparent  power,  reactive  power,  and  the  power 
factor  by  placing  a  "t"  next  to  formulas  or  descriptions  of  true  power,  an  "a"  next  to 
formulas  or  descriptions  for  apparent  power,  an  "r"  next  to  formulas  or  descriptions  of 
reactive  power,  or  an  "f"  next  to  formulas  or  descriptions  of  the  power  factor. 

 a.  The  power  that  appears  to  be  used  by  the  reactive  components 

 b.  El  (PF)orElcosO 
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_d.  I^RorEpIp 


_e.  The  power  that  appears  to  be  used  and  is  measured  in  volt-amperes 
_f.  The  actual  power  consumed  by  resistance  and  is  measured  in  watts 


_g.  Ex/E^ 


h.  E^/Z 


:  .i.  i2z 


J.   The  ratio  of  true  power  to  apparent  power 


8.  State  the  formula  for  computing  the  figure  of  merit,  or  Q,  of  a  capacitor  when  the 
series  resistance  is  known. 

9.  Compute  capacitive  reactance. 

10.  Determine  phase  relationships  in  RC  circuits. 

11.  Compute  values  of  RC  circuits. 

12.  Demonstrate  the  ability  to: 

a.  Show  the  effect  of  capacitive  reactance  in  AC  circuits. 

b.  Determine  capacitive  reactance  and  impedance  in  AC  circuits. 

(NOTE:  If  these  activities  have  not  been  compreted  prior  to  the  test,  ask  your  instruct- 
or when  they  should  be  completed.) 


CAPACITIVE  REACTANCE 
UNIT  VII 


ANSWERS  TO  TEST 


a.  9 

b.  6 

c.  3 

d.  1 

e.  4, 

a.  6 

b.  1 

c.  4 

d.  :  8 

e.  5 


f.  7 

g.  10 

h.  2 

i.  5 
j.  8 

f.  3 

g.  9 

h.  2 

i.  7 


or    J   or  .159 

27rfC  fC 

a.  Rate  of  change  of  voltage 

b.  Amount  of  capacitance 


a,  d,  e 

a.  130  volts, 

b.  10,000  or  1 0K  ohms 

c.  .9999  or  1  (cos  1 20/1 30) 

a-  r  e.  a  r.  a 

b-  t  f.  t  j.  f 

c.  r  g.  f 

d.  t  h.  a 

Q  =  ^C 

Evaluated  to  the  satisfaction  of  the  instructor. 
Evaluated  to  the  satisfaction  of  the  instructor. 
Evaluated  to  the  satisfaction  of  the  instructor. 
Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 


BE  -  243-0 


SERIES  RCL  CIRCUITS 
UNIT  VIII 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  state  the  formulas  for  comput- 
ing impedance,  applied  voltage,  resonant  frequency,  and  bandwidth  in  relation  to  RCL 
circuits.  The  student  should  also  be  able  to  solve  problems  of  reactance,  impedance  and 
parameters  of  resonant  circuits,  and  demonstrate  the  ability  to  determine  resonance'  in  a 
series  RCL  circuit.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures 
outlined  on  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  series  RCL  circuits  with  the  correct  definitions. 

2.  Match  the  reactance  in  a  series  RCL  circuit  with  the  circuit  condition. 

3.  Select  true  statements  regarding  impedance  in  series  RCL  circuits. 

4.  State  the  formula  for  computing  impedance  in  a  series  RCL  circuit. 

5.  Match  voltages  with  their  relationship  to  the  current  in  a  series  RCL  circuit. 

6.  State  the  formula  for  computing  the  applied  voltage  in  terms  of  voltage  drops. 

7.  List  conditions  existing  in  a  resonant  series  RCL  circuit. 

8.  State  the  formula  for  computing  resonant  frequency. 

9.  Differentiate  between  resonant  frequency  variation  with  respect  to  capacitance 
and  inductance  in  a  tuned  series  RCL  circuit. 

1 0.  Select  true  statements  regarding  the  Q  of  a  series  tuned  circuit. 

11.  St  te  the  formula  for  bandwidth. 

12.  Solve  for  reactance. 

13.  Solve  for  impedance. 

14.  Solve  for  parameters  of  resonant  circuits. 

15.  Demonstrate  the  ability  to  determine  resonance  in  a  series  RCL  circuit. 
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SERIES  RCLCIRCUITS  * 
UNIT  VIII 


SUGGESTED  ACTIVITIES 


I.  Provide  student  with  objective  sheet.  ^ 

II.  Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 

VII.  Give  test. 

INSTRUCTIONAL  MATERIALS 

I.    '  Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1--lmpedance  Relationship  in  a  Series  RCL  Circuit 

2.  TM  2-Voltage  Relationship  in  a  Series  RCL  Circuit 

3.  TM  3-Resonance  Relationship  in  a  Series  RCL  Circuit 

4.  TM  4--Typical  Resonant  Curves 

D.  Assignment  sheets 

1 .  Assignnient  Sheet  #1  -Solve  for  Reactance 

2.  Assignment  Sheet  #2-Solve  for  Impedance 

'3.  Assignment  Sheet  #3--Solve  for  Parameters  of  Resonant  Circuits 

E.  Answers  to  assignment  sheets 

F.  Job  Sheet  #1-Determine  Resonance  in  a  Series  RCL  Circuit 


7/9 


G.  Test 

H.  Answers  to  test 
References: 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-H^Tt^977. 

B.  Fundamentals  of  Electricity.  Fort  Sill,  OK:  U.S.  Army  R^^a^Artillerv 
School,  19Z5.  ^ 

C. "    Tinnell,  R.  W.  Electricity.  Albany,  NY:  Delmar  Publishers,  1975. 

D.  Robertson,  L.  P.  Instrumentation  and  Measurements  Handbook,  Albuquer- 
que, NM:  Sandia  Laboratories,  1971. 
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SERIES  RCL  CIRCUITS 
UNIT  VIII 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Series  RCL  circuit-A  circuit  containing  resistance,  inductance,  and  capac- 
itance through  which  a  common  current  flows 

(NOTE:  There  may  not  be  a  resistor  in  the  circuit  but  resistance  is  always 
present  in  the  wire.) 

B.  Reactance--The  opposition  to  current  flow  by  a  capacitor  or  an  induc- 
tor 

C.  Impedance-The  total  opposition  to  the  flow  of  current 

(NOTE:  In  an  RCL  circuit,  this  consists  of  resistance,  inductive  reactance, 
and  capacitive  reactance.) 

D.  Resonance-Condition  of  a  circuit  where  the  inductive  and  capacitive  effects 
cancel  each  other 

E.  Bandwidth-Section  of  frequency  spectrum  passing  through  a  series  resonant 
circuit;  it  is  abbreviated  by  BW 

Reactance  in  series  RCL  circuits 

A.  Total'  reactance  is  combination  of  inductive  reactance,  X.  ,  and  capaci- 
tive reactance,  X^ 

B.  Total  reactance,  Xj,  equals  X|^  '  ^C 

C.  When  Xj  is  positive,  i.e.,  X|^  is  greater  than  X^,  the  circuit  is  iiidtictive 

D.  When  Xj  is  negative,  i.e.,  Xj^  is  less  than  Xq,  the  circuit  is  capacitive 

E.  When  Xj  is  zero,  i.e.,  X|^  equals  X^.,  the  circuit  is  resistive  (said  to  be 
resonant) 

Impedance  in  series  RCL  circuits  (Transparencies  1  and  2) 

A.     Pure  inductance  causes  current  to  lag  the  voltage  by  90  degrees  (Figure  1) 


FIGURE  1 


V 


78i 


INFOBMATION  SHEET 

B.     Pure  capacitance  causes  current  to  lead  the  voltage  by  90  degrees  (Figure  2) 
FIGURE  2 


Current  Lead 


C.     Leading  voltages  and  lagging  voltages  tend  to  neutralize  each  other 

(NOTE:  E^r  E^  -  E^.) 
Formula  for  impedance  in  series  RCL  circuits 
Impedance,  Z,  equals  \/r^  +  (X^_  -  X^)^ 
Voltages  and  current  in  series  RCL  circuits  (Transparency  2) 

A.  Current  is  common  in  all  components  and  is  used  as  the  reference 

B.  Voltage  across  resistance,  Vp,  is  in  phase  with  the  current  ' 

C.  Voltage  across  inductor',  V^_,  leads  the  current  by  90  degrees 

D.  Voltage  across  capacitor,  V^,  lags  the  current  by  90  degrees 

E.  Reactive  voltage,  Vj^,  is  sum  of  inductive  and  capacitive  voltages  (V,  -  Vp) 
Formula  for  applied  voltage  in  series  RCL  circuits  in  terms  of  voltage  drops 
Applied  voltage,  E^,  equals  \/v^p  +  (V^  -  V^)^ 

Resonance  in  series  RCL  circuits  (Transparency  3) 

A.  Resonance  occurs  when  inductive  effect  equals  capacitive  effect 

B.  Impedance  is  at  minimum  value  and  equal  to  R 

C.  Current  is  maximum,  limited  only  by  the  resistance,  R  ' 

D.  Phase  angle  between  voltage  and  current  is  zero 

E.  and  Vq  are  equal  and  are  larger  than  E^ 


/ 
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VIII.       Formula  for  resonant  frsquency 

Resonant  frequency,  f  ,  equals    1  =  i 

^  TT  nIlC  6.28  >|LC 


X. 


.159 


Tuned  series  RCL  circuits 

A.  Increasing  inductance  or  capacitance  decreases  the  resonant  frequency 

B.  Decreasing  inductance  or  capacitance  increases  the  resonant  frequency 

C.  Only  currents  close  to  the  resonant  frequency  can  pass  without  much 
opposition 

D.  Tuned  RCL  circuits  used  to  pass  currents  close  to  the  resonant  frequen- 
cy are  called  filters  ^ 

The  Q  of  a  series  tuned  circuit 

A.  Q  is  a  measure  of  the  selectivity  of  the  circuit  - 

B.  Q  varies  inversely  with  resistance  (Transparency  4) 

C.  The  formula  for  Q  is  X  JR 

(NOTE:  Since  at  resonance  =  X  either  value  may  be  used  in  the  for- 
mula  for  Q.)  l 


XI.  Bandwidth 


The  formula  for  bandwidth,  BW  (or  bandpass),  equals'f/Q  where  f  is  the  reson- 
ant frequency,  and  Q  is  the  quality  of  the  circuit  ^ 


Bandwidth  of  a  Series  Circuit 
From  f-,  to       E{}uidtstant  from 


Impedance  Relationship  in  a 
Series  RCL  Circuit 


R 


X 


X 


? 

z 


AAAAAAA 
R 


C  I 

L 


Phase 
Angle 


I  (reference) 


Z=n|r'+  (Xl  -Xc  )' 
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Voltage  Relationship  in  a 
Series  RCL  Circuit 


Ea 


AAAAAA/^vA 
R 


Phase  Angle 


V, 


L 


T 


't  =  'r  =  'c  =  'l 


(reference) 
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Re3onance  Relationship 
in  a  Series  RCL  Circuit 


(5V) 

— Vr  — 
AAAAAAA 
R 


(100  V) 
-Vc- 


(100V) 
—  V,  - 


Ea  (  +  5V) 


Phase 
Angle 

0° 


V, 


TV, 


L  , 


R 


R 


-       ;  Z  -  R 


Typical  Resonant  Curves 


Q  =  Xl 


Low  Resistance  (High  Q) 


High  Resistance 


Bandpass,  BW 
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SERIES  RCL  CIRCUITS 
UNITVIII 

ASSIGNMENT  SHEET  #1--S0LVE  FOR  REACTANCE 


A. 

The  formula  for  computing  total  reactance,  Xj  is 

B. 

If       is  10  ohms  and  Xp  is  5  ohms,  Xt- equals 

circuit  is  (capacitive)  (inductive)                                           '  " 

 ohms  and  the 

C. 

If  X|_  is  5  ohms  and  Xp  is  10  ohms,  X^-  equals 
circuit  is  (capacitive)  (inductive) 

ohms  and' the 

D. 

The  formula  used  to  compute  inductive  reactance,  X^,  is 

E. 

The  formula  used  to  compute  capacitive  reactance,  Xp,  is 

F. 

Capacitance  is  measured  in                               ,units>  «nH  rsp.ritiw.  ro..t.^..  j, 
measured  in 

G. 

Inductance  is  measured  ,  in    _  .and  JnductiuP._rp;irt;.nra  .jn^_ 

H. 
1. 

If  a  ImH  coil  is  in  series  with  a  5Fd  capacitor,  the  circuit  will 
(capacitive)  at  3  Hertz  but  will  be  (inductive)  (capacitive)  at  IKHz 

Inductive  reactance  varies  (directly)  (inversely)  with  frequency 

be  (inductive) 

J. 

Capacitive  reactance  varies  (directly)  (inversely)  with  frequency 

SERIES  RCL  CIRCUITS 
UNIT  VIM 


ASSIGNMENT  SHEET  #2--S0LVE  FOR  IMPEDANCE 
(NOTE:  In  each  circuit  make  a  sketch  of  the  impedance  triangle.) 
A.    Compute  impedance  in  the  following  circuit.  Z  = 


AAAAAA 
R  =  5r^ 


© 


Xl=  lor^A 


h 


Xc  = 


B.    The  imiJedance  of  the  circuit  below  is 


ohms 


WWW 

R  =  4r^ 


Xr  =  20 


Xl=  12  r~i 

uuuuar- 


C.     The  impedance  in  the  following  circuit  is 


WWWnA 

R  =  2or~;> 


© 


D.  The  effective  reactance  of  the  circuit  in  problem  A  is_ 

E.  The  effective  reactance  of  the  circuit  in  problem  B  is 

F.  The  effecfive  reactance  of  the  circuit  in  problem  C  is 


)X|  =  10 
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SERIES  RCLCIRCUITS 
UNITVIII 


ASSIGNMENT  SHEET  #3-S0LVE  FOR  PARAMETERS  OF  RESONANT  CIRCUITS 

Directions:  Use  the  following  circuit  to  solve  all  problems  on  this  assignment  sheet. 
(NOTE:  Be  sure  to  include  your  units  of  measurement.) 


A.    The  resonant  frequency,  f ,  equals 


B.     The  total  current  at  resonance  equals 


C.     The  inductive  reactance,  X.  ,  equals 


,D.  The  capacitive  reactance,  Xq,  equals 

E.  The  inductive  voltage  drop,  V  ^,  equals_  

F.  The  capacitive  voltage  drop,  Vq,  equals  

G.  The  resistive  voltage  drop,  Vp,  equals^  

H.  The  power  dissipated  in  the  circuit,  P,  equals 

I.  The  Q  of  the  circuit  is  . 


J,     'Hne  bandwidth,  BW,  of  the  circuit  is 


R=  lOOO 


L  =  2  Henrys 


C  =  4mf 
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Assignment  Sheet  #1 

a.  (Xl-X^) 

b.  +5,  inductive 

c.  -5,  capacitive 

d.  2  TT  fL 

e.  1 

2  7r  fC 

Assignment  Shoot  #2 

a.  5  ohms 

b.  8.94  ohms 

c.  22.36  ohms 

d.  Oohms 

e.  -8  ohms  (capacitive) 

f.  -10  ohms  (capacitive) 
Assignment  Sheet  #3 

a.  56.8  (or  57)  Hertz 

b.  0.5  amps 

c.  713  ohms 

V 

d.  713  ohms 

e.  356.5  volts 


SERIES  RCL  CIRCUITS 
UNIT  VIII  ^ 


ANSWERS  TO  ASSIGNMENT  SHEETS 

\ 

f.  farads,  ohms 

g.  henrys,  ohms 

h.  capacitive,  inductive 

i.  directly 
j.  inversely 


f.  356.5  volts 

g.  50  volts 

h.  25  watts 

i.  7.13^ 

j.  7.96  or  8  Hertz 
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JOB  SHEET  #1-DETERMINE  RESONANCE  IN  A  SERIES  RCL  CIRCUIT 


Tools  and  Equipment 

A.  Audio  generator 

B.  Oscilliscope 

C.  Multimeter 

D.  ]  '  fif  capacitor 

E.  1H  inductor 

F.  100-ohm  resistor 

G.  Linear  graph  paper 
Procedure 

A.  Use  your  ohmmeter  and  measure  the  resistance  of  the  100-ohm  resistor 
and  the  resistance  of  the  inductor;  record  these  measurements  in  the  data 
table 

B.  Connect  the  resistor,  inductor,  and  capacitor  in  series  to  the  audio  generator 
as  follows: 

 sfWW  1 

R 

Audio  Generator  —  q 

i.  ^   _  I 

C.  Use  the  values  of  your  capacitor  and  inductor  to  compute  the  expected 
resonant  frequency  of  this  circuit  (f  =  .159) 

D.  Connect  the  multimeter  across  the  generator  output  terminals  and  set 
the  generator  for  maximum  voltage  at  100  Hz;  vary  the  generator  fre- 
quency around  the  value  computed  in  Step  C  until  the  voltage  output  is 
at  a  minimum  and  make  a  mental  note  of  the  voltage  output 

E.  Choose  a  generator  voltage  slightly  less  than  the  minimum  noted  above 
and  set  the  generator  to  this  value;  this  will  be  the  applied  voltage,  E  ,  for 
the  following  steps  and  must  be  maintained  at  all  times  ^' 
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F.  Remove  the  multimeter  and  connect  tlie  oscilloscope  across  the  gener- 
ator output  terminals;  observe  carefully  the  indication  on  the  oscilloscope 
because  you  must  maintain  a  constant  E^  (as  indicated  on  the  oscilloscope) 
for  the  remaining  steps 

G.  Connect  the  multimeter  across  the  100-ohi^  resistor;  read  and  record  in 

the  data  table  the  voltage  across  the  resistor,  Vp,  for  generator  frequencies 

of  80,  100,  120,  140,  160,  180,  200,  220,  240,  and  260  Hz  and  be  sure  that 

your  applied  voltage  E^  is  the  same  for  all  of  these  frequencies 
a 

H.  Adjust  the  generator  to  the  frequency  that  gives  the  maximum  Vp  read- 
ing and  be  sure  that  E^  is  at  its  correct  value;  record  this  resonant  frequency 
of  the  circuit,  Fq,  in  the  data  table  along  with  its  corresponding  Vp 

I.  With  the  generator  at  Fq  and  E^  at  its  proper  value,  connect  the  oscillo- 
scope across  the  resistor  and  observa.the  wave  form 

J.     Move  both  leads  in  sequence  and  connect  them  across  the  capacitor  and  - 
observe  the  wave  form 

(NOTE:  Equipment  grounds  can  cause  improper  indications.) 

K.  Repeat  for  the  inductor;  be  sure  to  watch  for  shifts  in  both  amplitude 
and  in  horizontal  movement 

L.  Set  the  generator  to  100Hz,  and  E^  to  its  correct  ^'alue;  using  your 
oscilliscope,  observe  the  voltage  wave  foruis  across  the  resistor,  capa- 
citor, and  inductor 

M.    Turn  the  generator  off 

l\J.  .-Use  Dhm's  Law  and  compute  the  circuit  current,  Ij,  for  each  frequency; 
record'each  computed  value  in  the  data  table  Ij  Vp/R 

O.  Use  Ohm's  Law  and  compute  the  circuit  impedance,  Zj,  for  each  frequen- 
cy; record  each  computed  value  in  the  data  table  Zj  _  E^/lj 

P.  Prepare  a  graph  by  letting  the  horizontal  scale  be  the  various  frequency 
settings  listed  in  your  data  table.  Plot  the  corresponding  values  of  I  j  on  the 
vertical  axis.  Draw  a  smooth  curve  between  these  points  (Include  Fq) 

Q.  Plot  the  values  of  Zj  on  the  same  graph  and  draw  a  smooth  curve  between 
these  points 

Discuss  the  following: 

1.   Does  the  computed  resonant  frequency,  f^,  of  Step  C  equal  the  observed  resonant 
frequency,  Fa,  of  Step  H?  Explain  any  difference.  - 
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2.  \Nhy  is  the  generator  output  voltage  in  step  D  at  a  minimum  at  the  resonant  frequency? 
(HINT:  Is  there  any  resistance  inside  the  generator?) 

3.  On  your  graph  compare  the  maximum  value  of  I  j  and  the  minimum  value  of  Zj.  Do 
these  occur  at  the  same  frequency? 

4.  Compare  the  minimum  value  of  Zj  with  the  circuit's  total  resistance  found  in  Step  A; 
explain  the  difference 

5.  Why  was  there  such  a  large  difference  between  the  capacitor  voltage  and  the  resistor 
voltage  observed  in  Step  I?  Were  the  capacitor  voltage  and  the  inductor  voltage  ob- 
served in  Step  I  equal  but  opposite  in  phase? 

6.  Explain  why  the  inductor  voltage  was  smaller  than  the  capacitor  voltage  in  Step 
L;  how  do  these  voltages  differ  from  those  observed  in  Steps  I,  J,  and  K? 

7.  If  this  circuit  was  connected  betw^een  a  generator  and^a  loarj,  what  frequency  woulcLbe 
passed  most  easily?  What  impedance  would  be  presented?  How  much  greater  would  be 
the  impedance  if  the  frequency  were  80  Hz  lower?  How  much  impedance  for  a  fre 
quency  80  Hz  higher?  (Use  your  graph  for  these  answers.) 

8.  Does  your  graph  confirm  that  impedance  and  current  vary  inversely  with  each  other? 

Data  Table 


E  =   volts  Measured  Resistance:  R  =  Ri  ^ 


Frequency: 

80  Hz       100  120  140  160  180  200  220  240  Fq  = 

't 
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NAME_ 

TEST 

1 .   Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.  A  circuit  containing  resistance,  induc- 
tance, and  capacitance  through  which  a 
common  current  flows 

 b.  The  opposition  to  current  flow  by  a 

capacitor  or  an  inductor 

 c.  The  total  opposition  to  the  flow  of 

current 

"  cf.  Concfltion  of  a  circuit  where  the  induc- 
tive and  capacitive  effects  cancel  each 
other 

 e.  Section  of  frequency  spectrum  passing 

through  a  series  resonant  circj-ut- 

2.     Match  the  circuit  condition  on  the  right  with  the  reactance  in  a  series  RCL  circuit. 
(NOTE:  The  numbers *on  the  right  will  be  usec^more  than  once.) 


a. 

Xj  is  positive 

1. 

Circuit  is 

b. 

Xj  equals  zero 

inductive 

c. 

Xj  is  negative 

2. 

Circuit  is 
capacitive 

d. 

X^^  equals  Xq 

3. 

Circuit  is 

e. 

X^^  is  greater  than  Xq 

resistive 

f. 

Xq  is  greater  than  X^ 

3.     Select  true  statements  regarding  impedance  in  series  RCL  circuits  by  placing  an  "X"  in 
the  appropriate  blanks. 

 a.  Pure  inductance  causes  current  to  lag  the  voltage  by  90  degrees 

 b.  Pure  capacitance  causes  current  to  lag  the  voltage  by  90  degrees 

 c.   Leading  voltages  and  lagging  voltages  tiend  to  neutralize  each  other 


d.  Leading  voltages  and  lagging  voltages  tend  to  reinforce  each  other 


1 .  Impedance 

2.  Bandwidth 

3.  Reactance 

4.  Series  RCL  • 
circuit 

   ,  ..,_^^_..Resonance^^.--    ^ 


 6-   In  a  purely  inductive  circuit,  voltage  leads  current  by  90  degrees 

 ^-    In  a  purely  capacitive  circuit,  voltage  lags  current  by  90  degrees  ' 

4.  State  the  formula  for  computing  impedance  in  a  series  RCL  circuit. 
Z  =  

5.  Match  the  voltages  on  the  left  with  the  proper  relationship  to  the  current  in  a  series 
RCL  circuit. 

 b.  +90°  2.  Vl 

 c.  -90°  3.  Vc 

6.  State  the  formula  for  computing  the  applied  voltage,  E^,  in  terms  of  voltage  drops. 

Ea  =  -  

7.  List  three  conditions  existing  in  a  resonant  series  RCL  circuit, 
a. 

b.  

c. 


8.   State  the  formula  for  computing  resonant  frequency. 


9.  Differenti^atfi  between  resonant  frequency  variation  with  respect  to  capacitance  and 
inductance  in  a  tuned  series  RCL  circuit  by  correctly  completing  the  following  sen- 
tences: 

a-      In  a  tuned  series  RCL  circuit,  the  resonant  frequency  varies  (directly)  (inversely) 
with  the  capacitance. 

b.     In  a  tuned  series  RCL  circuit,  the  resonant  frequency  varies  (directly)  (inversely) 
with  the  inductance 

10.   Select  true  statements  regarding  the  Q  of  a  series  tuned  circuit  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.   Q  varies  directly  with  resistance 

 b.  Q  varies  inversely  with  resistance 

7  J  7 
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^c.  Q  is  a  measure  of  the  sefectivity  of  the  circuit 
d.  There  is  no  formula  for  Q;  it  must  be  determined  experimentally 


11 .   State  the  formula  for  bandwidth. 


12.  Solve  for  reactance. 

13.  Solve  for  impedance. 

14.  Solve  for  parameters  of  resonant  circuits. 

15.  Demonstrate  the  ability  to  determine  resonance  in  a  series  RCL  circuit. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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SERIES  RCL  CIRCUITS 
UNIT  VIII 


ANSWERS  TO  TEST 


a. 

4 

d. 

5 

b. 

3 

e. 

2 

c. 

a. 

1 

d. 

3 

3 

e. 

1 

c. 

2 

f. 

2 

3,  C, 

,  e,  f 

Z  = 

\/r2 

Xc)2 

a. 

1 

b. 

2 

c. 

3 

Ea=\/v'r  +  (Vl-Vc)2 
Any  three  of  following: 

a.  Resonance  occurs  when  inductive  effect  equals  capacitive  effect 

b.  Impedance  is  at  minimum  value  and  equal  to  R 

c.  Current  is  maximum,  limited  only  by  the  resistance  R 

d.  Phase  angle  between  voltage  and  current  is  zero 

e.  V^^  and  Vq  are  equal  and  are  larger  than 

fr=      1  or        _1   or  .159 

27rVLC  >y6.28  LC  nTTc 

a.  Inversely 

b.  Inversely 

b,c 


f/Q 

Evaluated  to  the  satisfaction  of  the  instructor. 
Evaluated  to  the  satisfaction  of  the  instructor. 
Evaluated  to  the  satisfaction  of  the  instructor. 
Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 


^7  -  - 


BE  -  277-D 


PARALLEL  RCL  CIRCUITS 
UNIT  IX 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  state  formulas  for  computing 
total  current  and  impedance  in  a  parallel  RCL  circuit,  select  true  statements  related  to  tuned 
parallel  RCL  circuits  and  the  Q  of  a  tuned  circuit.  The  student  should,  also  be  able  to 
analyze  a  parallel  resonant  circuit  and  determine  the  frequency  of  a  RCL  parallel  circuit. 
This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined  on  the 
assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  parallel  RCL  circuits  with  the  correct  definitions. 

2.  Select  true  statements  concerning'voltage  and  currents  in  a  parallel  RCL  circuit. 

3.  State  the  formula  for  computing  total  current  in  a  parallel  RCL  circuit. 

4.  State  the  formula  for  computing  impedance  in  a  parallel  RCL  circuit. 

5.  Select  true  statements  relating  to  resonance  in  parallel  RCL  circuits. 

6.  State  the  formula  for  computing  the  resonant  frequency  of  a  parallel  RCL  circuit. 

7.  Select  true  statements  relating  to  tuned  parallel  RCL  circuits. 

8.  Select  true  statements  relating  to  the  Q  of  a  parallel  tuned  circuit. 

"9.  State  the  formula  for  bandwidth  of  a  parallel  RCL  circuit.  ^ 

10.  Complete  a  chart  of  characteristics  of  series  and  para^lel  resonant  circuits. 

1 1 .  Solve  problems  related  to  R  L  and  RC  parallel  circuits. 

12.  Solve  problems  related  to  parallel  RCL  circuits. 

13.  Analyze  a  parallel  resonant  circuit. 

14.  Demonstrate  the  ability  to  determine  the  resonant  frequency  of  an'  RCL  parallel 
circuit. 
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PARALLEL  RCL  CIRCUITS.  - 


SUGGESTED  ACTIVITIES 


I .  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information,  assignment,  and  job  sheets. 

III.  Make  transparencies. 

IV.  Discuss  unit  and  specific  objectives. 

.  V.  Discuss  information  and  assignment  sheets. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 

VII.  If  available,  uVe  an  oscilloscope  to  show  the  current  shifts  in  parallel  circuits; 
demonstrate  the  various  methods  of  using  both  series  and  parallel  runed  circuits 
for  filters;  and,  if  desired,  place  more  emphasis  upon  phasor  (vector)  analysis. 

VIII.      Give  test. 

INSTRUCTIONAL  MATERIALS 

\  .  .  . 

y  . 

I.       Included  in  this  unit:  * 

A.  Objective  sheet 

B.  Information  sheet  ^ 

C.  Transparency  masters 

1.  TM  1 -Current  Relationship  in  a  Parallel  RCL  Circuit 

2.  TM  2;  Current  Relationship  in  a  Parallel  RL  Circuit 

3.  TM  3-Current  Relationships  in  a  Parallel  RC  Circuit 

4.  TM  4--Resonarice  Relationship  in  a  Parallel  RCL  Circuit 

5.  TM  5^-Tuned  Parallel  Circuit  Curves  i 
^  D.    Assignment  sheets 

1.  Assignment  Sheet  #1 -Solve  Problems  Related  to  RL  and  RC  Parallel 
Circuits 

2.  Assignment  Sheet  #2--Solve  Problems  Related  to  Parallel  RCL  Circuits 


s 


3.   Assignment  Sheet  #3-Analyze  a  Parallel  Resonant  Circuit 
Answers  to  assignment  sheets 

F.    Job  Sheet  #1 -Determine  the  Resonant  Frequency  of  an  RCL  Parallel  Cir- 
cuit 

Test 

.H.    Answers  to  Test 
References:  • 

A.  Grob,  Bernard.  Basic  Electronics.  New  York:  McGraw-Hill  Book  Co.,  1977. 

B.  Fundamentals  of  Electricity.  Fort  Sill,  OK:  U.S.  Army  Field  Artillery 
School,  1975.-  ,        ^  y 

C.  Robertson,     L.P.     Instrumentation     and     Measurements  Handbook 
Albuquerque,  NM:  Snndia  Laboratories,  1971. 

D.  Tinnell,  R.W.  Electricity.  Albany,  NY:  Delmar  Publishers,  1975. 


PARALLEL  RCLCIRCU'TS 
UNIT  IX 


INFORMATION  SHEET 


I.  Terms  and  definitions 

A..    Parallel   RCL  circuit-A  circuit  containing  resistance,  capacitance,  and 
inductance  across  which' a  common  voltage  is  applied 

(NOTE:  In  parallel  c4rcuits  the  current  divides  and  reunites.) 

'  B.     Node-The  location  where  current  divides  or  reunites  in  parallel  circuits 

Q     Rp-^-^qnce-The  condition  where  inductive  and  capacitive  effects  cancel 
6     ^  er 

Fillet -A  circuit  designed  to  pass  or  suppress  certain  frequencies 
E.     Tank  circuit-An  inductor  and  capacitance'connected  in  parallel 

II.  Voltage  and  currents  in  a  parallel  RCL  circuit  (Transparencies  1,2,and  3) 

A.  Voltage  is  common  to  all  components  and  is  used  as  the  reference 

B.  Current  through  a  resistive~br^nch,  I     is  in  phase  vvith  the  voltage 

C.  Current  through  an  inductive,  branch,  I     lags  the  voltage  by  90° 

D.  Current  through  a  capacitive  branch,  Iq,  leads  the  voltage  by  90° 

E.  Reactive  current,  l>^,  is  the. vector  sum  of  the  inductive  current  and  the 
capacitive  current  (l(;>^''fL)^ 

II.       Formula  for  total  current  in  a  parallel  RCL  circuit  (Transparency  1) 

Total  cu^:rent,  ly=  -^Ip^  +  Hq  ■  II)^ 

V.       rormula  for  impedance,  Z,  in  a  parallel  RCL  circuit  (Transparency  1) 

^A 

Impedance,  Z  =  — 
T 


4 


8i<3 
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INFORMATION  SHEET 

V.       Resonance  in  a  parallel  RCL  circuit  (Transparency  4) 

A.  Resonance  occurs  when  inductive  effects  equal  capacitive  effects 

B.  Impedance  of  the  circuit  is  at  maximum  value  and  equals  E^/l  j 

C.  Current  is.at  minimum  vaJue  and  equals  Ip 

.  D.    The  phase  angle  between  voltage  and  current  is  zero 

E.     1 1^  and  Iq  are  equal  and  are  usi^ally  larger  than  I  p 

VI/      Formula  for  resonant  frequency 

^^Resonant  frequency, (F o),  equals  1  =  i  =  .1 59 

^        ^  27r  VLC  6.28V^  VtU" 

(NOTE:  The  formula  "^r  resonant  frequency  is  ajDproximately  the  same  for 
series  and  parallel  circuits.) 

VII.  Tuned  parallel  circuits  (Transparency  5) 

A.  Increpsinc]  inductance  or  capacitance  decreases  the  resonant  frequency 

B.  Decreasing  inductance  or  capacitance  increases  the  resonant  frequency 

C.  Currents  close  to  the  resonant  frequency  but  inside  the  bandpass  are 
attenuated  (meet  much  opposition) 

D.  Parallel  tuned  circuits  used  to  block  currents  close  to  the  resonant  frequency 
are  Called  filters 

VIII.  Q  of  a  parallel  tuned  circuit 

A.  Q  is  a  measure  of  the  selectivity  of  the  circuit 

B.  Q  varies  inversely  with  resistance 

(NOTE:  Most  of  the  resistance  is  found  in  the  coil,  so  this  is  the  resistance 
value  used.) 

C.  The  formula  for  Q  is  X|^/R 

D.  Ti/e  relationship  beween  tank  current,  total  current,  and  Q  is  shown  by: 


(NOTE:  Iq  is  sometimes  called  the  "tank"  current.) 
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IX.  Formula  for  bandwidth  (BW)  equals  Fo/Q 

n 

(NOTE:  The  formula  for  bandwidth  is  the  same  for  both  series  and  parallel 
RCL  circuits.)  , 

X.  Summary  of  characteristics  of  series  and  parallel  resonant  circuits 


Series 
Resonant  Circuit 

Parallel 
Resonant  Circuit 

Impedance 

Minimum 

Maximum 

Current 

Maximum 

Minimum 

Impedance  at  Resonance 

Resistive 

n  Cblb  1 1  Vc 

Impedance  below  Resonance 

Capacitive 

Inductive 

Impedance  above  Resonance 

Inductive 

Capacitive 

Impedance  Formula 

Formula  for  Q 

X, 

°=R^ 

Formula  for  Bandwidth(BW) 

BW=  Q 

BW=  Q 

Formula  for  Resonant 
Frequency  (Fp) 

1 

Fp  =  2  7r  yru 

1 

Fp  =  27r 

805 
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Current  Relationship  in  a 
Parallel  RCL  Circuit 


A 


'rIL  "c) 

R 


1 


6- 


I 


Phase  Angle 


R 


e  ! 


E  (reference) 


't  It  =        +  Oc-Il)')  ^ 
Z  =  EAZa° 

"II  e  =  ARCTAN-!^ 

e=  ARC  COS 

•t 

8UG 


R 


TM  1 


Current  Relationship  in  a 
Parallel  RL  Circuit 


R 


6- 


I: 


Ea  =  Er  =  E 


R 


(Reference) 


0=ARC  COS  (Ip  /I 


8 


: }  7 


Current  Relationships 
In  A  Parallel  RC  Circuit 


o- 


R 


6- 


Ea  =  Er  =  E, 


R 


(Reference) 


"t  = 


M 


'  ff^  '  c 


Z  =  Ea/It 

e  =  ARC  COS  (Ir/It) 

8>jR 
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Resonance  Relationship  in  a 
Parallel  RCL  Circuit 


6- 


R 


Phase  Angle  =  0' 


R 


It  =  Ir 
Z  =  R 


E  (reference) 


Z  =  EaZO°(=  R) 
Ir 

e  =  0°  (At  Resonance) 


Tuned  Parallel  Circuit  Curves 


Bandwidth 


PARALLEL  RCL  CIRCUITS 
UNIT  IX 


ASSIGNMENT  SHEET  #1-S0LVE  PROBLEMS  RELATED  TO  RL 
AND  RC  PARALLEL  CIRCUITS 
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State  the  formulas  for  solving  the  values  listed  below  in  parallel  circuits 


A. 


D.  I^  = 

E.  2  = 


If  the  following  statement  describes  an  impedance  that  is  inductive,  place  an  "Ul.'  in  the 
space  and  if  it  is  capacitive,  place  a  "C" 

 ^a.  A  circuit  where  l  |^  is  larger  than  Iq 

 ^b.  A  circuit  where  Iq  is  larger  than  1^^ 

 c,  A  circuit  containing  only  an  inductor  and  resistor  in  parallel 

 d.  A  parallel  circuit  where  X^^  is  larger  than  Xq 

 e.  A  parallel  circuit  where  Xq  is  larger  than  X^^ 


Solve  for  the  indicated  values  in  the  circuit  below 


Ra=24v 
400  Hz 


R  =  8rL 


XL  =  6n. 


a. 
b. 
c. 
d. 
e. 
f. 


'l  =  - 


2  = 
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4.  Draw  the  phasor  (vector)  diagram  of  the  currents  in  the  circuit  of  problem  3;  from  th 
sketch,  the  phase  angle  equals  

5.  Solve  for  the  indicated  values  of  the  circuit  below 


12v  Q 


R  -« 


xc  =  4rL 


a. 
b. 
c. 
d. 
e. 

f.     Z  = 


'r  =  - 
'c  =  - 
't  =  - 


6.   Draw  the  phasor  (vector)  diagram  of  the  circuit  of  problem  5;  the  phase  angle 
this  circuit  is  
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PARALLEL  RCL  CIRCUITS 
UMITIX 


ASSlGNMEN-5SHe€T#2--SOLVE  PROBLEMS  RELATED  TO 
PARALLEL  RCL  CIRCUITS 


1.  In  the  circuit  below,  a  100  ohm  resistor,  a  .2  henry  inductor,  and  a  .25  juf  capacitor  are 
connected  in  parallel  across  a  source  voltage  of  100  volts  at  1590  hertz;  solve  for  the 
indicated  parameters  — 


Ea=100v-On 
1590  Hz 


a. 
b. 
c. 
d. 
e. 
f. 

9- 
h. 
i. 

j. 
k. 


xc  =  . 
'r  =  - 
'c  =  - 


'l  =  . 

't  =  . 
z  = 


Pt  =  . 
Pa  = 


Power  Factor,  PF,  = 
Phase  Angle,  d  =  


2.   Make  a  sketch  of  the  ph^asor  (vector)  diagram  of  the  above  circuit. 
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PARALLEL  RCL  CIRCUITS 
UNIT  IX  i 


EKLC 


ASSIGNMENT  SHEET  #3-ANALY2E  A  PARALLEL  RESONANT  CIRCUIT 

1.  In  a  parallel  ' circuit,  impedance  is  a  function  of  the  of  the  voltage  applied 

2.  At  parallel  resonance, 

 Impedance  is  minimum 

b.  Impedance  is  maximum 


_c.  Current  is  minimum 
d.  Current  is  maximum 


3.   Frequencies  higher  than  the  resonarjt  frequenc^  of  a  parallel  RCL  circuit  causes  more 
current  to  be  in  t|ie' 

*^    .  • 

...  J 
^     a.  capaCtiive  branch  \ 


b.  inductive  branch 


4.   Frequencies  lower- than  the  resonant  frequency  of  a  parallel  RCL  circuit  cause  more 
current  to  be  in  the 


a.  capacitive  branch 

b.  inductive  branch 


5.  The  formula  for  computing  resonant  frequency  is 


6.  An  inductor  and  capacitor,  are  connected  as  shown  in  the  schematic  below  and'- ten 
volts  are  applied-;  solve  for  the  indicated  parameters 


lOv 


a. 
b. 


Resonant  Frequency,  Fp,  = 
The  Q  of  the  circuit  = 


Iq  (also  called  tank  current)  =_ 
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I J  (use  Q  and  Iq)  = 
Impedance,  Z,  = 


Power  consjumed,  Pj,  = 
Bandwidth,  BW,  = 


8t 


PARALLEL  RCL  CIRCUITS 
UNIT  IX 

ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sh^'  i  #1 

1.  a.     E3/R  d.-VlR^  +  dc-lL*^ 

b.  E3/XL  e.  E^/\j 

c.  E3/XC 

2.  a.  L 

b.  C 

c.  L 

d.  C  - 

e.  L 

3.  a.  24</7b° 

b.  24V/0° 

c.  3A/0° 

d.  4A/-90° 

e.  5A/-53.13° 

f.  4.8  7+53.13° 
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e  =  +56.3° 


Assignment  Sheet  #2 


1.  a. 

1,997  or  approximately  2,000  ohms 

b. 

400  phms 

c. 

1  ampere 

d. 

0.25  ampere 

e. 

.05  ampere 

f. 

1.0193  or  1.02  amperes 

g. 

98.039  or  approximately  98  ohms 

h. 

100  watts 

i. 

102  volt-amperes 

j. 

.98 

k. 

11.3°  leading 

8'P 


2. 


Assignment  Sheet  #3 

1.  frequency 

2.  C 


4.  B 

27rVTtr 

6.  a.     455,000  Hz  or  455  KHz  . 

b.  Q-  XL=  lOOOn    =  100 

R  ion 

c.  Ip  =  Ea  =10V  =  .01Aor  10mA 

"  looon 

d.  Ij=  k_=  .01=  .OOOlAor.lmA 

Q  100 

e.  Z  =  Ea^  =  10y=  10K/\ 

\j  .0001A 

f.  Pj  "  ^a  ^ 't  "  -^^^ 

g.  BW=Fr   -455  KHz=4.G5  KHz 


Q  100 


8l9 
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PARALLEL  RCL  CIRCUITS 
UNIT  IX 


_igB_ShiE£X^V^TERMINE  THE  RESONANT  FREQUENCY  OF  AN  RCL 

PARALLEL  CIRCUIT 


II. 


Tools  and  equipment 

A.  Audio  frequency  generator 

B.  Multimeter  (electronic  type) 

C.  Ammeter,0-150/iA 

D.  .One  capacitor,  .001  microfarad 

E.  One  resistor,  10  Kohms,  1  watt 

F.  One  inductor,  10  millihenry 

G.  Graph  paper 
Procedure 

A.    Connect  the  circuit  as  shown  in  the  following  schematic 

-A 


AF 
Generator 


FIGURE  1 


B.  Calculate  the  resonant  frequency,  Fp  =  Hz 

C.  Adjust  the  audio  frequency  generator  to  the  frequency  calculated  in  step  B 

D.  Adjust  the  generator  for  maximum  output 

E.  Connect  your  voltmeter  which  is  set  to  the  5V  AC  range  across  the  tank 
circuit  (points  B  and  C)  making  sure  that  the  common  leads  of  the  gen- 
erator and  the  voltmeter  are  both  connected  to  point  C 
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F.  Adjust  the  generator  above  and  below  the  calculated  frequency  (step  B) 
until  there  is  a  maximum  voltage  reading  and  a  minimum  reading  on  the 
ammeter 

G.  Record  the  frequency  determined  in  Step  B  in  the  data  table;  this  is  the  true 

H.  Adjust  the  generator  for  an  output  of  one  volt  (points  B  to  C) 

I.  Measure  the  voltage,  Vq  obtained  in  Step  F  in  the  data  table 
J.     Enter  Vq  obtained  in  Step  F  in  the  data  table 

K.     Measure  and  enter  the  total  current,.  I  j,  as  indicated  by  the  ammeter 

L.     Calculate  the  inductive  reactance,  X|^,  at  the  resonant  frequency,  and 
'  enter  in  the  data  table 

M.    Compute  and  enter  the  capacitive  reactance,  Xq 
Calculate  1 1^  and  Iq  and  enter  into  the  data  table 
0.     Calculate  the  parallel  tank  circuit  impedance,  Z,  and  enter  into  the  data  table 

P.  Repeat  Steps  H  through  0  at  10  kilohertz  steps  above  and  below  the 
resonant  frequency;  be  sure  to  adjust  the  generator  for  one  volt  output  with 
each  change  of  frequency 

I  . 

Q.  Plot  the  tank  circuit  impedance  (vertical  axis)  versus  frequency  points 
(horizontal  axis)  as  calculated  and  enter  in  the  data  table 

R.     Connect  the  points  to  obtain  a  response  curve 

S.     Discuss  the  following; 

1.  Explain  the  difference  between  the  true  resonant  frequency  and  the 
calculated  resonant  frequency 

2.  Why  is  the  current  a  minimum  at  the  resonant  frequency? 

3.  Does  the  tank  circuit  [)ass  or  block  currents  near  the  resonant 
frequency? 

4.  Is  this  a  low  Q  or  a  high  Q  circuit?  Explain  

5.  Is  the  total  impedanco  larger  than  the  series  resistor  or  approximately 
equal  to  it?  Why? 
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6.  What  is  the  bandwidth  shown  on  your  graph?  Does  this  corresbond 
with  the  bandwidth  formula? 

DATA  TABLE 


FREQUENCY 

C 

(tank) 

'T 

X, 

1 

1 

'c 

7 

(tank) 

(Fpj  -30KHZ) 

(Fpj  -.20KHz) 

(Fpj  -  lOKHz) 

Fr  = 

(Fpj  +  lOKHz) 

(Fp  +  20KHz) 

(Fpj  +  3dKHz) 

o 
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PARALLEL  RCL  CIRCUITS 
UNIT  IX 


NAME 


TEST 


1.  Match  the  terms  on  the  right  with  the  correct  definitions. 

 a-  A  circuit  containing  resistance,  capacitance,         1.  Filter 

and    inductance  across  which   a  common 

voltage  is  applied  2.  Node 

 b.  The  location  where  current  divides  or  reunites  "^a^*^  circuit 

in  parallel  circuits 

4.   Parallel  RCL  circuit 

 c.  The  condition  where  inductive  and  capacitive        r-  r> 

effects  cancel  each  other  ^'  R^^^^^^^e 

 d.  A  circuit  designed  to  pass  or  suppress  certain 

frequencies 

 e.  An  inductor  and  capacitance  connected  in 

parallel 

2.  Select  true^  statements  concerning  voltage  and  currents  in  a  parallel  RCL  circuit  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Voltage  is  common  only  to  certain  components  and  therefore  cannot  be 

used  as  a  reference 

 b.  Current  through  a  resistive  branch,  I  p,  is  in  phase  with  the  voltage 

 :  Current  through  an  inductive  branch,  II,  lags  the  voltage  by  90° 

.  d.  Current  through  a  capacitive  branch,  1^,  leads  the  voltage  by  90° 

 e.  Reactive  current,  1^,  is  the  vector  sum  of  the  inductive  current  and  the  tank 

current 

3.  State  the  formula  for  computing  total  current  in  a  parallel  RCL  circuit. 


't  = 


State  the  formula  for  computing  impedance,  Z,  in  a  parallel  RCL  circuit. 
Z  = 


110-D 


5.  Select  true  statements  relating  to  resonance  in  a  parallel  RCL  circuit  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a.  The  phase  angle  between  voltage  and  current  is  zero 

 b.  Current  is  at  maximum  value 

 c.   Ip  is  considerably  larger  than  1^,  depending  upon  the  Q  of  the  circuit 

 ^d.  Impedance  of  the  circuit  is  at  maximum  value  and  equals  ^fij\j 

 e.  Resonance  occurs  when  inductive  effects  equal  capacitive  effects 

 f.   Impedance  of  the  circuit  is  at  minimum  value 

 g.   1^  and  Iq  are  equal  and  are  usually  larger  than  Ip 

 h.  Phase  angle  between  voltage  and  current  is  either  90"*  or  -90° 


6.   State  the  formula  for  computing  the  resonant  frequency  of  a  parallel  RCL  circuiL 

-    f^R  =  :  — 


7.  Select  the  true  .statements  relating  to  tuned  parallel  circuits  by  placing  an  "v    >  the 
appropriate  blanks. 

 a.   Increasing  inductance  decreases  the  resonant  frequency 

 b.  Decreasing  inductance  decreases  the  resonant  frequency 

 c.  Increasing  capacitance  decreases  the  resonant  frequency 

 d.  Decreasing  capacitance  decreases  the  resonant  frequency, 


e.  Currents  close  to  the  resonant  frequency  but  inside  the  bandpass  are 
attenuated 

_f.   Currents  ciose  to  the  resonant  frequency  but  inside  the  bandpass  are 
passed 

_g.  Parallel  tuned  circuits  used  to  block  currents  close  to  the  resonant 
frequency  are  called  filters 
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8.  Select  true  statements  relating  to  the  Q  of  a  parallel  tuned  circuit  by  placing  an  "X"  in 
the  appropriate  blanks. 

 a.  Q  varies  inversely  with  resistance 

 b.  The  formula  for  Q  is  — 

 c.  The  relationship  between  tank  current,  total  current,  and  Q  is 

 d.  Q  varies  directly  with  resistance 

 e.  Q  is  a  measure  of  the  selectivity  of  the  circuit 

9.  State  the  formula  for  bandwidth. 

BW  =  

10.   Complete  the  characteristics  of  series  and  parallel  resonant  circuits  by  filling  in  the 
blanks  under  paraliei  resonant  circuits  in  the  following  chart. 


Series 
Resonant  Circuit 

Parallel 
Resonant  Circuit 

Impedance 

 ^  

Minimum 

a. 

Current 

iVlaximum 

b. 

Impedance  at  Resonance 

Resistive 

c. 

Impedance  below  Resonance 

Capacitive 

d. 

Impedance  above  Resonance 

Inductive 

e. 

'    Impedance  Formula 

Z=\/r'^  +  (Xl-X^)2 

f. 

Formula  for  Q 

Q= 

R 

g. 

Formula  for  Bandwidth(BW) 

BW=  ""r 
Q 

h. 

Formula  for  Resonant 
Frequency  (Fp) 

1 

Fp   =  27iV^LC 

i. 
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1 1 .  Solve  problems  related  to  R L  and  RC  parallel  circuits. 

12.  Solve  problems  related  to  parallel  RCL-circuits.  \ 

13.  Analyze  a  parallel  resonant  circuit. 

14.  Demonstrate  the  ability  to  determine  the  resonant  frequency  of  an  RCL  parallel  cir- 


cuit. 


(NOTE:  If  these  activities  have  not  been  completed  prior  to  the  test,  ask  the  instructor 
when  they  should  be  completed.) 
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UNIT  IX 


ANSWERS  TO  TEST 


a. 


b. 


c. 


4 

2 
5 


d. 


e. 


3 


b,  c,  d 


't4^^  +  <'c-'l)^ 


a,  d,  e,  g 

Fp  =        1         =        1         =  .159 
27r   <|rTr  6.2&CC' 

1,  c,  e,  g 

a,  c,  e 


BW  =  Fpj/Q 

a.  Maximum 

b.  Minimum' 

c.  Resistive 

d.  Inductive 

e.  Capacitive 


f. 


h. 


F 


R 


BW 


Q 


I. 


F 


R 


2  7rCC 
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11.  Evaluated  to  the  satisfaction  of  the  instructor. 

f 

12.  Evaluated  to  the  satisfaction  of  the  instructor. 

13.  Evaluated  to  the  satisfaction  of  the  instructor. 

14.  Ferforniance  skills  evaluated  to  the  satisfaction  of  the  instructor. 


BE 


APPLYING  FOR  AJOB 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  prepare  a  resume  write  a  letter 
of  application,  complete  an  application  form  and  write  a  follow-up  letter.  This  knowledge 
WIN  be  evidenced  by  correctly  performing  the  procedures  outlined  on  the  assignment  sheets 
and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completipn  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  applying  for  a  job  with  correct  definitiofis. 

2.  List  sources  for  locating  job  openings. 

3.  List  three  methods  of  applying  for  a  job. 

4.  Select  information  asked  for  on  application  forms.  '      ^  " 

5.  Distinguish  between  employer  and  employee  expectations.  ^ 

6.  Select  attributes  and  attitudes  desired  by  employers  during  personal  interviews. 

7.  Select  examples  of  proper  conduct  during  a  job  interview. 

8.  Prepare  a  resume. 

9.  Write  a  letter  of  application. 

10.  Complete  an  application  form  for  a  job  in  electronics. 

1 1 .  Write  a  follow-up  letter  after  an  interview. 
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APPLYING  FOR  A  JOB 
UNIT  I 


SUGGESTED  ACTIVITIES 


Provide  student  with  objective  sheet.'  ' 

Provide  student  with  information  and  assignment  sheets. 

Discuss  unit  and  specific  objectives.  V 

Discuss  information  and  assignment  sheets. 

Provide  samples  of  various  application-forms. 

Invite  personnel  officer  and  technical  interviewer  to  discuss  job  int^viewing 
techniques. 

Role  play  an  interview  on  video  tape  if  possible. 

Discuss  with  students  desirable  attributes  of  electronics  worker 

Arrange  for  an  interviewer  from  industry  to  assist  with  part  B  of  Assignment 
Sheet  #3. 

Provide  opportunity  to  take  sample  entry-level  employment  tests.        ^ . 
Give  test. 

s 

INSTRUCTIONAL  MATErTaLS 

Included  in  this  unit:      '  ' 

A.  *  Objective  sheet 

B.  information  shfeet  .  . 

C.  Assignment  oheets 

1.  Assignment  Sheet  #1 -  Prepare  a  Resurne 

2.  Assignment  Sheet  #2 -Write  a  Letter  of  Application 

3.  Assignment  Sheet  #3  -Complete  an ,  Application  Form  for  a  Job  in 
Electronics  '       .  ,  . 

4:   Assignment  Sheet  #4-Write  a  Follow-up  Letter  After  an  Interview 

D.  Test 

E.  Answers  to  test 


830 
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APPLYING  FOR  A  JOB 
UNIT  I 

INFORMATION  SHEET 

Terms  and  definitions 

A.  Award-Recognition  received  for  outstanding  achievement 

B.  Extra-curricular  activities-The  clubs,  organizations,  and  social  or  church 
groups  in  which  one  participates 

C.  Fringe  benefits-The  extras  provided  by  an  employer  such  as  paid  vacations, 
sick  leave,  and  insurance  protection 

D.  Qi'alifications-The  experience,  education,  md  physical  characteristics  which 
suit  a  person  to  a  job 

E.  Resume--A  brief  (usually  typed)  summary  of  one's  qualifications  and  exper- 
iences that  is  used  in  applying  for  a  job 

F.  Vocational  preparation-The  courses  tal^en  and  the  ski'ls  acquired  in  school 
or  through  work  experience 

Sources  for  locating  job  openings 

A.  Classified  ads 

B.  Employment  offices 

(NOTE:  You  can  usu  government  offices  or  private  offices.) 

C.  Local  labor  union  business  offices 

D.  School  officials 

(NOTE:  Your  teacher  and  counselor  or  jmpioyment  coordinator  will  be  glad 
to  help  you.) 

E.  Workers  in  electronic  occupations 

(NOTE:  Current  workers  .vill  often  know  of  openings  that  are  not  publicly 
advertised.) 

Methods  of  applying  for  ^  job 

A.  Letter 

B.  Telephone 

C.  In  person 
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Inforrriutior  that  may  be  asked  for  an  an  application  form 

A.  Name  and  address 

B.  Phone  number 

C.  Social  security  number 

D.  Aqe,  height,  weinht 

E.  Education 

F.  Experience 

G.  Next  of  kin 

H.  Previous  employers 

I.  Reason  for  leaving  last  job 

J.     Type  of  job  for  which  ^.le  is  applying 

K.  References 

L.     Resume  (optional) 

M.    General  physical  he?  th 

N.  Race 

Expectations  of  employer  and  employe' 
A.     Employer  expectations 

1.  Cooperation 

2.  Honesty  j 

3.  Initiative 

4.  Willingness  to  learn 

5.  Willingness  to  follow  directions 

6.  Dependability 

7.  Enthusiasm 

8.  Acceptance  of  crit'rism 


9.    Loyalty  and  respect 


INFORMATION  SHEET 


10.  Full  day's  work  for  full  day's  pay 

1 1 .  Notification  of  termination  or  of  absence 
B.     Employee  expectations 

1.  Salary 

2.  Safe  working  conditions 

3.  Training 

4.  Introduction  to  co-workers 

5.  Explanation  of  policies,  rules,  and  regulations 

6.  Duty  responsibilities  and  changes 

7.  Evaluation  of  work 

8.  Discipline  for  breaking  rules 

9.  Honest  relationship 

10.  Notification  if  employment  is  terminated 

11.  Respect 

Personal  attributes  or  attitudes  desired  by  employers  during  personal  inter- 
views 

A.  Enthusiasm  and  interest 

(NOTE:  This  includes  taking  pride  in  your  work  and  being  willing  to  do 
more  than  your  share  when  needed.) 

B.  Dedication  and  dependability 

iNOTE:  This  involves  being  at  work  on  time  and  regularly.  It  also  means  you 
should  readily  follow  directions.) 

C.  Alertness,  quickness  of  mind 

(NOTE-  You  should  always  look  for  unsafe  situations  that  could  injure 
workers  or  damage  property,  and  you  should  constantly  look  for  more 
efficient  working  practices.) 

D.  Honesty  and  integrity 

(NOTE:  Employees  should  give  truthful  information  both  to  customers 
and  to  their  employer.) 

E.  Desire  to  work 
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F.  Desire  to  help  others 

G.  Desire  to  improve  one's  self 

(NOTE:  Better  employees  alwa  s  look  for  ways  to  increase  their  knowl- 
edge. This  benefits  both  the  empl  /er  and  the  employee.) 

VI  I.       Proper  conduct  during  the  interview 

A.  Greet  interviewer  with  a  warm  smile 

B.  Call  interviewer  by  conventional  title  and  last  name  (Mr.,  Mrs.,  Miss,  or  Ms. 
Jones) 

C.  Introduce  yourself 

D.  Shake  interviewer's  hand  firmly,  if  offered,  while  looking  at  interviewer  in 
the  eye 

E.  Sit  only  after  interviewer  has  asked  you  to  be  seated 

F.  Sit  and  stand  erect 

G.  Do  not  place  objects  on  the  interviewer's  desk 

H.  Let  the  interviewer  take  the  lead  in  the  conversation 

I.  Answer  questions  completely 
J.  Be  polite  and  courteous 

K.  Have  resume  and  examples  of  work  available  for  quick  reference 

L.  Make  an  extra  effort  to  express  yourself  clearly  and  distinctly 

(NOTE:  Think  through  every  answer,  use  proper  grammar,  do  not  swear, 
avoid  u^e  of  slang,  and  look  interviewer  in  the  eye.) 

M.    Be  sincere  and  enthusiastic 

N.    Avoid  distracting  or  irritating  habits 

(NOTE:  Things  to  avoid  include  smoking,  chewing  gum,  eating  candy, 
finger  tapping,  giggling  or  squirming,  and  any  distracting  nervous  activity.) 

0.     Do  not  try  to  flatter  the  interviewer 

P.     Tell  the  truth  about  qualifications  and  experiences 

Q.    Speak  well  or  not  at  all  of  former  employers  and  associates 
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R.    Be  positive 

S.     Accept  competition  gracefully  ^ 

T.    Watch  for  signs  that  the  interview  is  over 

(NOTE:  Interviewers  frequently  conclude  by  clearing  the  desk,  folding 
the  application  file,  or  indicating  with  facial  expression  or  body  language 
that  the  information  desired  from  the  applicant.is  complete.) 

U.    Thank  the  interviewer 

V.     Leave  promptly  at  completion  of  interview 

W.    Make  contacts  alone 

(NOTE:  Taking  two  or  three  friends  along  does  not  help  you  get  the  job.) 
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APPLYING  FOR  A  JOB 
UNIT  I 


ASSIGNMENT  SHEET  #1-PREPARE  A  RESUME 


Directions:  Prepare  a  resume  using  the  standards  and  example  provided  below. 

A.  Standards  for  a  resume: 

1.  Logically  organized 

2.  Neatly  typed 

3.  Error  free  / 

4.  In  outline  form 

n 

5.  Limited  to  one  page  if  possible 

6.  Honest  listing  of  qualifications  and  experiences 

B.  Example  of  a  resume: 


Name:  ' 
Address: 
Telephone: 

Age: 
Height: 
Weight: 
Health:^ 
Marital  Status: 

Education: 

Subjects  studied: 


John  A.  Doe 

123  Anywhere  Street,  Hometown,  State,  12345 
(555)  505-1212 

18  years 
5' -9" 
165  pounds 
Excellent 
Single 

'Expect  to  graduate  from  high  school,  May,  1982 

Algebra  •  2  semesters 
Geometry  -  1  semester 
Basic  Electron.'.,.  •  i  :;emester 
Industrial  Electronici.  -  1  semester 

Student,  .uvi'ties:  FFA 

 V;ica-pr^esident,  VICA  ' 

'    ""^    Secretar-y,  Baptist  youth  fellowship 

Work  e  roe* ienue:     Cl  .::e  hano  Nelson  Livestock  Auction  Co.,  summers  of  76,  77, 
and  78 

Electriciai  s  Helper,  Ansei  Electric,  summer  1979 

Tune-up  Man,  L-ury'r.  Auto  Electric,  summer  1980 

Lab  assist-nt,  Ihc'ustrial  Electronics  class,  fall,  1979  and  spring, 
1980 
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i  • 

References:  Mr.  LE.  Vator 

Hometown  High  School 
Hometown,  State,  12345 

Mr.  Lenz  Volta,  Owner 
ABC  Electrical  Co. 
Capitol  City,  State  12378 

^3^®-  Signature: 
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APPLYING  FOR  A  JOB 
UNIT  I 

ASSIGNMENT  SHEET  #2-WRITE  A  LETTER  OF  APPLICATION 

Directions:  Using  the  letter  standards,  information  to  be  included,  and  example,  write  a 
letter  of  application. 

A.  Compose  the  letter  to  neet  the  standards  below: 

(NOTE:  Your  instructor  will  be  glad  to  help  you.  A  typing  or  business  and  office 
class  would  probably  ba  willing  to  type  for  you.) 

1.  Attracth/e  form 

2.  Logical  arrangement  of  information 

3.  Free  from  smudges  or  typographical  errors 

4.  Free  from  spelling  or  grammatical  errors 

5.  Brief  and  to  the  point;  leave  the  details  for  the  resume 
h.  Positive  in  tone 

7.  Clearly  expressed  ideas 

B.  ^  .cludo  only  appropriate  information  in  a  letter  of  application 
.  1.  Type  of  position  for  which  one  is  applying 

2.  Reason  interested  in  position  and  firm 

..   3.  Ways  one  s  training  meets  the  employer's  needs 

4.  Explanation  of  personal  qualifications 

5.  Mention  of  resume 
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Example: 

Mr.  John  Jones 
Personnel  Director 
Jones  Television  Company 
Box  123 

Anywhere,  USA  12349 
Dear  Mr.  Jones: 

Please  consider  me  for  the  job  of  television  repairman  that  you  advertised  in  the 
Anywhere  Journal. 

The  skills  I  have  learned  in  my  high  school  vocational  electronics  and  television  courses 
should  qualify  me  for  this  job.  I  have  had  experience  in  all  of  the  elementary  skills 
required  to  perform  television  repair  and  maintenance,  including  safety. 

I  will  be  graduating  from  high  school  in  May,  and  I  would  like  to  become  an  electronic 
repairman.  A  more  complete  description  of  my  qualifications  is  given  in  th6  enclosed 
resume. 

I  would  appreciate  the  opportunity  to  interview  any  time  at  your  convenience.  I 
can  be  reached  by  telephone,  at  505-1212  after  3:30  p.m.  or  by  mail  at  123  Anywhere v 
Street,  Hometown,  State  12345. 

Sincerely  yours, 


John  A.  Doe 


End.  1 
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APPLYING  FOR  A  JOB 
UNIT  I 

ASSIGNMENT  SHEET  #3--C0MPLETE  AN  APPLICATION  FORM 
FOR  A  JOB  IN  ELECTRONICS 

(NOTE:  Falsification  could  lead  to  not  being  hired  or  to  dismissal.) 

A.    Rill  in  every  blank,  and  put  "does  not  apply"  in  those  blanks  where  information 
not  relevant  is  requested. 


Date 


Name  

Address 


APPLICATION  FOR  EMPLOYMENT 

 ^Position  applied  for 

 Height 


(Street  or  HhD) 

Social  Security  No.  '  

Birthdate 


(Uity)  fEtateT 


Weight 
Telephone  No. 


Age 


(Month)  lUay) 
CHECK  ALL  THAT  APPLY: 


(Year) 


Birthplace 


TCiTy]  (State) 


Female 
"Male 
^Single  ' 
^Married 
_Widowed 
^Divorced 

Separated 


Own  heme 
*Rent 
Board 

Live  with  parents 
Live  with  relatives 
"Purchasing  home 


Interested  in:   Temporary    work  Full-time 


Number  and  age  of  dependents 
Relationship  of  dependents. 
Business  or  occupations  of  father: 
or  Husband 
Part-time  Saturday  only 


Salary  expected   

Are  you  responsible  for  your  entire  support? 


for  their  support:  Number  

Nature  of  any  physical  detects 
Recent  illnesses 


Ages 


Others  who  are  dependent  on  you 


Date^^of  last  physical  examination 
EDUCATION 
Elementary 


Circle  grade 
completed 
12  3  4 
5  6  7  8 


Name  of 
School 


Major 

Location  Subject 


Year 
Graduafetl 


High 

Business  or 
Vocational 

College  or 
University 

Night  or  Cor- 
respondence 


r  2  3  4 


1  2  3  4 

-12  3  4 
5  6 


12  3  4 
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Give  details  of  any  other  educational  training^  


What  are  your  hobbies?  * 

In  case  of  illness  or  emergency,  tiotify :  Name 

,  '  ,         Address  ^  

Relationship   

Telephone  •  

Why  do  you  feel  qualified  for  the  position  for  which  you  are  applying? 


PREVIOUS  EMPLOYMENT 
(Last  employment  first) 


.{NOTE:  Previous  employers  may  be  contacted.) 

.  Name  &  address  Department,  position 

Prom       To  address  of  employer  duties,  and  salary 


Month  Month 
Vear  Year 


\ 

Month  Month 


Year  Year 

Month  Month 
Year  Year 


Month 


Month 


Year 


5  '?  O 
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ASSIGNMENT  SHEET  #3 


/ 


PERSONAL  REFERENCES  / 
(Do  not  give  names  of  relatives  or  former  employers)        '  / 
Name         ^  Address  Occupation 


1. 
2. 
3. 


The  final  part  of  your  application  will  be  completed  by  a  professional  interviewer  or 
your  instructor.  You  will  be  asked  additional  questions  about  your  educational  back-  , 
ground,  family  experiences,  hobbies,  and  other  items  that  reflect  your  interest  and 
life-style.  Refer  to  item  VII  of  the  Information  Sheet  for  this  part  of  the  assignment 
sheet. 


Do  Not  Write  In  Space  Below 


Interviewed  by:  Personality 
Attitude 


Ambition  and  Initiative 


Other  remarks  Calmness 


Physical  qualities 

Intelligence   

Leadership   


Appearance  and  grooming 
Work  best  suited  for 


X 
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APPLYING  FOR  A  JOB  ' 

UNIT  I  •  . 

ASSIGrNIVlENTSHEET#4-^WR!TE  A  FOLLOW-UP  LETTER  AFTER     •    "  ' 

AN. INTERVIEW  ^  ^        •  '    .  .* 

Directions:  Using  the  standards,  points  to  be  included,  and  the  example  below;  write  a 
^'follow-up  letter  after  a  job  interview.  •  .     .  ' 

vA.    HoIIqw  these  standards:  '  '\ 

1.  Error  free  .        .  *  , 

2.  Clean,  neat,  and  ^rranged  attractively  ^  •  , 

3.  Free  from  spelling,  punctuation,  and  grammatical  errors 

4.  Sent  within  a  day  or  two  after  the  interview 
B.     Include  these  points  irt  a  follow-up  letter: 

1.  An  expression  of  appreciation  for  the  interviewer  s  time  and  interest 

2.  A  summary  of  personal  qualifications  and  inl>:rest  ir,  the  position 

(NOTE:  Make  this  last  bid  for  the  job  a  pririe  i-xampip.  of  your  excellent  work  habits 
Make  the  lette**  df  clean,  neat,  and  well  worded  as  possible.) 

Example:       '  •  \ 

Mr.  John  Jones  '  ^ 

Personnel  Director 
Jones  TV  Company 
Box  19  ^ 
Anywhere,  U.S:A.  77704 

Dear  Mr.  Jones: 

Thank  you  for  interviewing  me  for  the  electronics  job  in  your  firm,  i  feel  that  working 
for  Jones  TV  Company  would  be  enjoyable  and  that  I  could  do  the  repair  work  that 
the  job  requires..  I  hope  that  I  will  have  the  opportunity  to  prove  my  worth. 

The  application  form  you  gave  me  is  enclosed. 

I  will  be  available  for  work  May  15.  You  may  call  me  at  my  home  after  3:30  p  m 
The  numbe'r  is  377-3303. 

Sincerely  yours, 

John  A.  Doe 
End. 
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APPLYING  FOR  A  JOB 
UNIT  I 

NAME  

TEST 


1    Milch  ihe  terms  on  the  'ighi  to  the  correct  definitions. 


A   brief  summary  of  one*s  qualifications 

1. 

Award 

and  expenerices  ihai       used  in  applying 

Extra-curricular 

for  a  job 

2. 

J 

activities 

b 

The  fifxiras  provided  by  an.  employer  such 

Fringe  benefits 

as  paid  vdcaiions,  ssck  leave,  and  insurance 

3. 

pfoiecuon 

4. 

Qualifications 

 c. 

Reco^nilion      received     for  ouisianding 

achrcvemeni 

5. 

Resume 

The  "exfH*rittfK;e.   wiwcation;  and  physical 

 6. 

VQcaiional  

cbarac^enstics  which  suii  a  person  to  a 

preparation 

lob 

The  course's  taken  and  the  skills  acquired 

m  school  Of  through  work  experience 

■  J 

The  clul>^.  organuaiiof^s.  ar^d  social  or  church 

groups    which  one  pariicipates 

?    l^st  iQuf  "yOiift^  for  locating  |ob  openings 


a 


0 


3    l»5?  Xha}^  mvVuM<^oi  app^yir^i  for  a  jOb 
J  „  ^.   
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4.   Select  information  that  may  be  asked  for  on  an  application  form  by  placing  an  '^^R 
X    in  the  annronriatP  blanks 


X   in  the  appropriate  blanks 
_a.  Grandfather's  age 
b.  Name  and  address 


_c.  Phone  number 

_d.  Shoe  size 

^e.  Age,  height,  weight 

f.  Education 


^g.  Number  of  brothers  and  sisters 

^h.  Experience 

i.  Next  of  kin 

J.  HorsepQwer  of  your  car's  engine 


_k.  Previous  employers 

^1-  Reason  for  leaving  last  job  / 
^m.  Favorite  sports 

^n.  Type  Qf  job  for  which  one  is  applying 


o.  References 


5.   Distinguish  between  employer  and  employee  expectations  by  placing  an  "X"  next 
to  the  employer's  expectations. 

 a.  Cooperation 

 b.  Honesty 

 c.  Initiative 

 d.  Salary 

 e.  Safe  working  conditions 

 f.  Training 

 g.  Willingness  to  learn 

  Willingness  to  follow  directions 

 i.  Introduction  to  co-workers 


ERIC 


j.  Dependability 
k.  Enthusiasm 


t.    Acceptance  of  criticism 


m.  Loyalty  and  respect 

n.  Full  day's  work  for  full  day's  pay 

o.  Notification  of  termination  or  absence 


Select  attributes  or  attitudes  desired  by  employers  during  a  personal  interview 
by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Alertness,  quickness  of  mind 

i 

 b.  Long  wavy  hair 

 c.   Dedication  and  dependability 

 d.  Enthusiasm  and  interest 

e.   New  car 


f.  Honesty  and  integrity 

g.  Desire  to  work 


h.  Beard 


i.    Flashy  clothes 


j.    Desire  to  help  others 


k.  Desire  to  improve  one's  self 


Select  examples  of  proper  conduct  during  a  job  interview  by  placing  an  "X"  in 
the  appropriate  blanks. 

 a.  Arrive  five  minutes  late;  gives  the  impression  that  you  are  busy 

b.  Sit  and  stand  erect 


c.  Call  interviewer  by  his  or  her  first  name 

d.  Answer  questions  completely 

e.  Put  a  hat  or  coat  on  the  interviewer's  desk 


f.   Greet  interviewer  with  a  warm  smile 


g.  '~Sit  down  immediately  upon  entering  the  room 


8^7 


h.  Shake  intervlewerls  hand  firmly  if  offered,  while  looking  at  inter- 
viewer in  the  eye 

 i.    Be  polite  anG  courteous 

 j.    Use  all  of  the  cute  slang  expressions 

 k.  Be  sincere  and  enthusiastic 

 I.    Thank  the  interviewer 

 m.  Chain  smoke 

^  n.  Speak  well  or  not  at  all  of  former  employers  and  associates 

 o.  Flatter  the  interviewer 

P»  Leave  promptly  al  completion  of  interview 
Prepare  a  resume. 

Write  a  letter  of  application.  ^ 
Complete  an  application  form  for  a  job  in  electronics. 
Write  a  follow  up  letter  after  an  interview. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test, 
instructor  when  they  should  be  completed.) 
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APPLYING  FOR  A  JOB 
UNIT  I 


ANSVVERSTOTESr 

a.  5  d.  4 

b.  3  e.  6 

c.  1  f.      2  -  I 

Any  four  of  the  following: 

a.  Classified  ads 

b.  Empl^ivment  offices 

c.  Local  labor  union  business  offices 

d.  School  officials 

e.  Workers  in  electronic  occupations 

a.  Letter 

b.  Telephone 

c.  In  person 

b,  c,  e,  f,  h,  i,  k,  I,  n,  o 
a.  b,  c,  g,  h,  j,  k,  I,  m,  n,  o 

a,  c,  d,  f,  g,  j,  k 

b,  d,  f,  h,  i,  k,  I,  n,  f) 

Evaluated  to  tiie  satisfaction  of  tho  instructor 
Evaluated  to  tfie  satisfaction  of  tho  instructor 
Evaluatfid  to  tlu^  r-jtisfaction  of  the  instructor 
Evaluatf^J  to  tlu^  satisfaction  of  the  instructor 


